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> ATOMIC RESEARCH is by no means standing still, as the announcements this 
month prove. Two new elements have been made, and new techniques of 
using radio-active materials in medical research are constantly being de- 
veloped. Now that the war is over, we are in haste to tell what the past 
five years } 


nave accomplished. The old argument as to whether war stimulates 
scientific inventiveness or merely perverts it is again in order. 


The young atomic scientists are trying to square their pride in new 
achievements with their doubts concerning the old social order. Atomic power 
is a fact. Whether or not we share our recipe for the bomb will make not 
the slightest difference in a pitifully short span of time. What will make a 
difference is whether we can become sufficiently’ civilized to get along with 
our neighbors on this infinitesimal planet, or whether we are trying to pick 
a fight with them, with atomic weapons. 


Citizens of the United States cannot but admit that the inhabitants of 
sovereign states can do a pretty good job of getting along together. It is funda- 
mentally as silly for Europe, Asia and America to plan to drop bombs on 
cach other as for, say, New York, New Jersey and Pennsylvania to follow 
the same pattern—or should Oak Ridge, Hanford and Las Alamos at once 
start arming against each other? 
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The Four Newest Elements 


by GLENN T. SEABORG 


This address, announcing the dis- 
covery of Elements 95 and 96, was 
sven by Dr. Seaborg at a symposium 
on nuclear chemistry at the 50th An- 
niversary Technical Conference of 
the Chicago Section of the Amert- 
can Chemical Society at Northwestern 
University, Evanston, Illinois, on No- 
vember 16, 1945. Dr. Seaborg, pro- 
fessor of chemistry at the University 
of California is engaged in atomic en- 
ergy research at the Metallurgical 
Laboratory at the University of Chi- 
(ago. 
>» THE PRESENT DISCUSSION i$ con- 
cerned with the chemical and radio- 
ative properties of the heavy ele- 
ments, that is, the elements with 
atomic number larger than 88, and 
especially with the newly discovered 
transuranium elements. Aside from 
the obvious importance of these ele- 
ments from the standpoint of atomic 
energy, they are of great interest from 
the viewpoint of pure science. The 
general study of the chemical proper- 
ties of these elements, and especially 
the properties of those which fall in 
the transuranium region, has led to 
a greatly increased knowledge of the 
atomic structure of elements in this 
region of the periodic table, a matter 
which was of necessity only very 
poorly understood a few years ago. 
Likewise, a study of the radioactive 
properties of the new isotopes in this 
region has added greatly to our 
knowledge of the properties of radio- 
active isotopes, and the nature of and 
regularities in these properties have 
contributed greatly to the knowledge 
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of nuclear structure. The new in- 
formation which has been learned 
within the last few years concerning 
the other nuclear properties of these 
isotopes, such as the fission properties 
and neutron absorption cross-sections, 
will not fall within the scope of the 
present discussion. 

Previous to 1940, there was no ex- 
perimental information available con- 
cerning the chemical and radioactive 
properties of the transuranium ele- 
ments. Actually, not a great deal was 
known concerning the chemical prop- 
erties of elements immediately below 
uranium in the periodic table, that is, 
the elements actinium, thorium and 
protactinium, of atomic numbers 89, 
90 and 91, respectively. The knowl- 
edge of the chemistry of uranium it- 
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self at that time fell into the class of 
that of the less familiar elements. It 
was known that uranium possesses 
the two oxidation states, VI and IV, 
and that of these, the VI state is 
the more stable under ordinary con- 
ditions in aqueous solution. It was 
also known that uranium possesses an 
oxidation state of III which is pre- 
pared and maintained only with dif- 
ficulty in aqueous solution. Although 
there existed a fair amount of infor- 
mation about. the chemical com- 
pounds of the VI and the IV oxida- 
tion states, information was almost 
totally lacking on such elementary 
items as the properties of the metal. 
In the case of thorium, it was recog- 
nized that there exists only one stable 
oxidation state in aqueous solution, 
with the oxidation number IV, but 
not a great deal was known about the 
compounds and practically nothing 
was known about thorium metal. 
Only a very little work had been de- 
voted to the chemical investigation of 
pure protactinium; a few compounds 
had been prepared and the existence 
of the oxidation state V had been sur- 
mised. Only a few experiments of 
the tracer type had been performed 
with the element actinium, these lead- 
ing to the conclusion that this element 
exhibits the oxidation state of III and 
is very similar to the trivalent rare 
earths in its chemical behavior. 

The sum total of this information 
was not sufficient to make it possible 
to deduce whether this transition 
group of elements involved the filling 
of the 6d shell or the filling of the 5f 
shell of electrons, and, in either case, 
the question as to which element con- 
stituted the beginning of the transi- 
tion series remained unanswered. 





However, with the recent discovery of 
the transuranium elements, together 
with the greater accumulation of 
knowledge of the chemical properties 
of the other of these heavy elements 
which has taken place during the last 
few years, it is now possible to make 
much more definite statements as to 
the atomic structure in this region of 
the periodic table. 

The first transuranium element 
was discovered by E. M. McMillan 
and P. H. Abelson at the University of 
California in May, 1940. Using the 
neutrons from the cyclotron of F. 0. 
Lawrence, they were able to show, 
with the help of their chemical work, 
that a radioactivity of 2.3 days half- 
life formed during the irradiation of 
uranium with neutrons is due to the 
isotope 9373°, which is the decay pro- 
duct of the 23-minute U**® formed by 
radiative neutron capture in U**. 
Their experiments on the tracer scale 
of investigation showed that element 
93 has at least two oxidation states, 
an upper state (or states) and a lower 
state (or states) with chemical prop- 
erties quite analogous to the VI and 
IV forms of uranium. They found 
that a greater oxidizing power is re- 
quired to oxidize element 93 from its 
lower to its upper state than is the 
case for the corresponding oxidation 
of uranium. Element 93 was given 
the name neptunium by McMillan 
after Neptune, the planet immediate- 
ly beyond Uranus, which gives its 
name to uranium. 

Another isotope of neptunium, 
Np**7, was discovered early in 1942 
by A. C. Wahl and G. T. Seaborg 
at the University of California. This 
isotope is the decay product of the 
previously known 7-day beta-part:cle 
emitting U***, which is formed as the 
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result of an n,2n reaction on U7. 
Np"? is given particular mention 
here because it is an alpha-cmitter of 
very long half-life (2.25 X 10° years) 
and is therefore suitable as material 
or the investigation of the chemical 
properties of neptunium using weigh- 
ble amounts and ordinary concen- 
rations, provided a method for pro- 
duction in quantity is available. For- 
tunately, the large chain-reacting units 
a Clinton and Hanford have solved 
this production problem and a num- 
ber of milligrams have been made 
wailable for chemical studies. Using 
this material, J. C. Hindman, L. B. 
Magnusson and T. J. La Chapelle at 
the Metallurgical Laboratory at the 
University of Chicago have been able 
to make an intensive study of the 
chemical properties of neptunium 
leading to the establishment of its oxi- 
dation states and the preparation of a 
aumber of its compounds. This work 
has shown that neptunium has the 
oxidation states VI, V, IV, and III 
with a general shift in stability toward 
the lower oxidation states as compared 
to uranium. 


After the discovery of neptunium, 
the next transuranium element to be 
discovered was element 94. This ele- 
ment was discovered by G. T. Sea- 
borg, E. M. McMillan, A. C. Wahl 
and J. W. Kennedy in Berkeley, late 
in 1940. The isotope involved was the 
one of mass 238 formed by the deu- 
teron bombardment of uranium in 
the cyclotron of E. O. Lawrence. 
These investigators were able to show 
that the deuteron bombardment of 
uranium leads to a new isotope of 
neptunium, the 2.0-day beta-particle- 
emitting Np**8, formed from a d,2n 
reaction on U*38, They’ found that 
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this isotope of element 93 decays to 
an alpha-emitting isotope of element 
94, namely, 94°58, and that this alpha- 
emitter has a half-life of about 50 
years. Their early experiments with 
tracer amounts of this material show- 
ed that element 94 also has at least 
two oxidation states, an upper state 
(or states) and a lower state (or 
states). The experiments indicated 
that it requires even stronger oxidiz- 
ing agents to oxidize element 94 to 
the upper from the lower state than 
is the case for neptunium. The chem- 
ical work of A. C. Wahl was par- 
ticularly notable in this early period of 
investigation. Element 94 was given 
the name plutonium, to follow the 
convention which was used in the 
naming of neptunium. 


The isotope of plutonium which 
is of major importance is, of course, 
the isotope of mass 239. This isotope, 
Pu**", which is the daughter of the 
2.3-day Np**®, is an alpha-emitter 
with a half-life of about 24,000 years. 
Its tremendous importance stems from 
its property of being fissionable with 
slow neutrons, a property which 
places it in a class of importance com- 
parable to that of U8. Since Pu?*® 
constitutes the material which was 
used in at least one of the bombs 
which were set off at New Mexico, 
Hiroshima and Nagasaki, its im- 
portance need not be elaborated. Its 
importance for the present discussion 
lies in the fact that it is available in 
weighable quantities, making it pos- 
sible to study the chemical proper- 
ties of plutonium by the ordinary 
methods of chemistry. 


The first pure chemical compound 
of plutonium, free from carrier ma- 
terial and all other foreign matter, 
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was prepared by B. B. Cunningham 
and L. B. Werner at the Metallurgical 
Laboratory in Chicago on August 18, 
1942. This memorable day will go 
down in scientific history to mark the 
first sight of a synthetic element, and, 
in fact, the first isolation of a weigh- 
able amount of an artificially pro- 
duced isotope of any element. This 
work was performed with microgram 
quantities using the techniques of 
ultra-microchemistry, and using ma- 
terial which had been prepared by 
the bombardment of uranium with 
neutrons from the cyclotron. 


As is now well-known, large quan- 
tities of plutonium are available as 
the result of the operation of the 
chain-reacting units at Clinton and 
Hanford. Using plutonium from 
these sources a number of groups 
have investigated intensively the 
chemical properties of plutonium. 
The group at Los Alamos under the 
direction of J. W. Kennedy and C. S. 
Smith and including A. C. Wahl, C. 
S. Garner and I. B. Johns was prin- 
cipally concerned with plutonium 
chemistry as applied to its purification. 
Professor W. M. Latimer and E. D. 
Eastman at Berkeley with R. E. Con- 
nick, J. W. Gofman and others con- 
tributed notably to the solution chem- 
istry of plutonium including the oxi- 
dation states, potentials and reaction 
kinetics. Professor F. H. Spedding, to- 
gether with W. H. Sullivan, A. F. 
Voigt and A. S. Newton at Towa State 
College contributed to the chemistry 
of complex ion formation as well as 
other phases of plutonium chemistry. 
The group of chemists with me at the 
Metallurgical Laboratory at the Uni- 
versity of Chicago was involved in 
basic solution and dry chemistry 
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studies as well as in the separations 
process and purification work. Some- 
what before the Clinton plant was 


most 
system 


to start operation, a sizable part of = 
the Metallurgical Laboratory staff, §*" 

under I. Perlman and S. G. English, — 
together with H. S. Brown, V. R. PP" 
Cooper, R. W. Stoughton and others, iatot 
moved to the plant site where their OU” 
principal job concerned further in- Fen.” 
tensive work on the plant separation Th 
processes and the actual isolation of mg 
plutonium decontaminated (separa 
ed from fission product radio-activi- 


ties) in the plant. Remaining in 
Chicago on basic chemistry and puri- 
fication problems were the several 
groups under W. M. Manning, E. F. 
Orlemann, N. R. Davidson and B. B. 
Cunningham, and the plutonium 
separations groups directed by F. W. 
Albaugh, J. E. Willard, S. G. Thomp- 
son and G. W. Watt. The latter 
three men later went to the Hanford 
plant to continue the separations pro- 
gram investigation. A great deal of 
work of fundamental importance to 
the separations program—such as 
work on fission products and radia- 
tion chemistry and chemical analyses 
—was done by other groups in the 
Metallurgical Project, but a descrip- 
tion of their contributions is beyond 
the scope of this discussion. 


The work has established that plu- 
tonium has the oxidation states VI, 
V, and IV, and III and that the 


lower oxidation states tend to be more 





li 
stable than is the case for neptunium. : 
A large number of compounds of plu- he 
tonium have been prepared and their “ 
properties determined and it is fair gi 
to say that the chemistry of plu- “ 
tonium today is as well understood as, § ,. 
or better understood than is that of §f;, 
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most of the elements in the periodic 
system. 

The general conclusions from this 
work are, then, that plutonium and 
feptunium are similar in chemical 
properties to uranium with an in- 
crease in stability of the lower oxi- 
dation states in going toward plu- 
tonium. 

The elements 90 to 94 lie in cor- 
responding positions just below the 
sixth period transition elements Hf 
to Os (atomic numbers 72 to 76) in 
which the 5d electron shell is being 
filled. The transition elements Hf to 
Os are quite similar in their chemical 
properties to the corresponding 4d 
transition elements in the fifth period 
(Zr to Ru, atomic numbers 40 to 44). 
Although the first members (99Th, 
nPa) of the group 90 to 94 show a 
great resemblance in chemical prop- 
erties to the first members (72Hf, 
nla) in the 5d transition series, and 
to the first members (49Zr, 4;Cb) in 
the 4d transition series, the later mem- 
bers (g3Np, ysPu) show practically 
no resemblance to 7;Re and 7¢Os and 
t0 43 and 44Ru. This suggests that it 
is the 5£ electron shell which is being 
filled although it is not possible to 
deduce from this chemical evidence 
alone whether uranium is the first 
element in the series for which this 
is the case. While it is beyond the 
scope of this discussion to give all 
of the supporting evidence, we would 
like to advance the attractive hy- 
pothesis that this rare-earth-like series 
begins with actinium in the same 
sense that the “lanthanide” series be- 
gins with lanthanum. On this basis it 
might be termed the “actinide” series 
and the first 5f electron might appear 
in thorium. Thus the characteristic 
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oxidation state (i.e. the oxidation 
state exhibited by those members con- 
taining seven 5f and fourteen 5f elec- 
trons) for this transition series is III. 

The oxidation state of ITV demon- 
strated by thorium is then analogous 
to the IV oxidation state of cerium. 
From the behavior of uranium, nep- 
tunium and plutonium it must be 
deduced that as many as three of the 
assumed 5f electrons are readily given 
up so that the failure of thorium to 
demonstrate an oxidation state of III 
is accounted for. On the basis of this 
hypothesis, elements 95 and 96 should 
exhibit very stable III states; in fact, 
element 96 should exhibit the III 
state almost exclusively because, with 
its seven 5f electrons, it should have 
an electron structure analogous to 
that of gadolinium, with its seven 4f 
electrons. 


The experiments of G. T. Seaborg, 
R. A. James, L. O. Morgan and A. 
Ghiorso in the Metallurgical Labora- 
tory have recently led to the identifica- 
tion of isotopes of elements 95 and 
96, making it possible to study the 
chemical properties of these isotopes 
by the tracer technique. These in- 
vestigators have studied the products 
produced as a result of the bombard- 
ment of U?38 and Pu?9® with very 
high energy (40 Mev) helium ions in 
the Berkeley Cyclotron. This work 
was made possible by the vital par- 
ticipation and cooperation of Dr. J. 
G. Hamilton and his group at the 
University of California, who have re- 
cently rebuilt the 60-inch cyclotron to 
produce the high energy particles 
needed and who performed the bom- 
bardments. 


Of course in the case of some of 
the elements in the series it may be 


5 





S31u3S 
JGINILOV 


Lcooi 26 Op! 
me] _— 
09 6S JO0INVHLINV1 


12°402 | 6E°'eO2 | 19002 226! €2 $6! 
ad in 6H ny id 
ze 18 os 62 62 


oee'L0! £901 
by Pd 
Ze | 
aso 6988S 
no IN 
62 82 


00°6: | 090'9! | 8900's! 
4 ° N 
6 8 2 


Bi0ognas °L uua)y fiq quawabun.iiy 
SOIIOG SpIulyOy ue jo s1equiep se syuourery Aavezy Hurmoyg erqey 2tporseg 





AL TINTUC 
SERIES 


somewhat of an academic matter to 
assign electrons to the Sf or 6d shells 
as the energy necessary for the shift 
from one shell to the other may be 
within the range of chemical binding 
energies. The electron configuration 
may differ from compound to com- 
pound of an element or even with 
the physical state of a given com- 
pound. This shifting of electron con- 
hguration would probably be most 
pronounced with’ the middle mem- 
bers of the first half of the series, that 
is, uranium, neptunium and _ plu- 
tonium. Since the energy difference 
between the 5f and 6d shells is rather 
small and since the resonance effects 
should be rather large, the latter may 
predominate in determining which 
energy level lies lowest. 


It is probably worthwhile to make 
a brief summary at this point with 


the following statements. As of to- 
day, the periodic system consists of 
% known, identified elements; that 
is, there is now positively known, at 
least one isotope, stable or radioactive, 
for each of the elements from atomic 
number 1 to atomic number 96, in- 
dusive. The evidence points to an 
atomic structure for the heaviest ele- 
ments, that is, those elements with 
atomic number greater than 88, cor- 
responding to a transition series in 
which the 5f shell of electrons is being 
filled. This series differs in chemical 
properties from the rare earth series 
(the 14 elements of atomic number 
38 to 71 inclusive following lan- 
thanum) in which the 4f shell of elec- 
trons is being filled, in that the first 
members of this heavy series are much 
more readily oxidized to oxidation 
states greater than III. As the atomic 
numbers of the elements in this series 
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increase, the lower oxidation states, 
and particularly, the III state, increase 
in stability. The first 5f electron prob- 
ably appears in thorium and the stable 
configuration consisting of seven 5f 
electrons probably comes with ele- 
ment 96. 


There has been a great deal of 
speculation as to the possibility of 
the existence in nature of isotopes of 
the transuranium elements. It may be 
of interest to mention here that a 
search for such isotopes has been 
made. G. T. Seaborg and M. L. Perl- 
man early in 1942 made a chemical 
separation of neptunium and _ plu- 
tonium from a quantity of pitch- 
blende ore and were able to show 
the presence of a small quantity of 
alpha-activity in this transuranium 
fraction which they attributed to plu- 
tonium, the isotope Pu***®. The 
amount of plutonium in the pitch- 
blend corresponded to about 1 part 
in 10'*. an amount which could not 
possibly have been found had the 
chemical properties not been known. 
This plutonium isotope is present in 
such uranium-containing ores, in spite 
of its relatively short half-life, prob- 
ably because it is continuously form- 
ed by the absorption in U** of some 
of the neutrons which are always 
present. A particular source of neu- 
trons, sufficient in amount to account 
for the presence of this amount of 
plutonium, results from the spon- 
taneous fission of the isotope U7" 


In most ways, plutonium is the 
most interesting element in this new 
series and therefore it is worthwhile 
to finish this discussion with a further 
description of the achievements which 
have been accomplished in the chem- 
ical field with this element. Since the 
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time of its inception, the Metallurgical 
Project had as its principal goal a 
method for obtaining in a free state 
sizable quantities of Pu**®. This prob- 
lem was comprised of two major com- 
ponents, which were to a large ex- 
tent unrelated. The nature of the 
development programs was as dif- 
ferent as were the groups of research 
workers charged with their commis- 
sion. The first major part of the pro- 
gram was the development of a chain- 
reacting structure which would pro- 
duce the Pu?*® in a uranium matrix, 
while the second part was the design 
of a’method for separating the plu- 
tonium from the uranium and the 


highly radioactive fission products 


formed concurrently with the plu- 
tonium. 

The problem of designing a pro- 
cess for separating plutonium was 
without precedent from almost every 


standpoint. No one had ever seen 
any plutonium at the time that plant 
design was under consideration. The 
chemical properties attributed to the 
element at that-time had been de- 
duced solely from what might be 
termed secondary evidence (experi- 
ments on the tracer scale). 

Thé novelty of the problém was 
erihdnced by the’ fact that" not ‘only 
was Pu®® to’ be the first’ artificially 
produted! isotépe to be seen but that 
as an élément it fell beyond the con- 
fines of the classical’ periodic system. 
These curious conditions, in them- 
selves, would not necessarily pro- 
duce serious obstacles were they not 
coupled with other aspects of the 
problem of an unconventional nature 
for industrial scale operation. Both 
the plutonium and the fission prod- 
ucts from which it was to be separated 
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would be present in extremely small 
concentrations in the uranium. These 
separations would require specialized 
techniques. The formidable feature of 
the undertaking was, however, that 
these minute amounts of the fission 
product elements would in turn have 
to be separated from the plutonium to 
the extent that only’an amount of the 
order of one part per million of each 
would remain. To add to the com- 
plications, the separations process 
would have to be carried out entirely 
by remote control, because of the 
staggering levels of gamma-ray ac- 
tivity associated with the fission prod- 
ucts. As a result, it was imperative 
that the process be adaptable to simple 
equipment that would require a mini- 
mum of maintenance and that the 
limits of control be not too stringent. 


Although four types of method for 
chemical separation were examined, 
volatility, adsorption, solvent extrac- 
tion and precipitation, the process 
finally chosen was a precipitation pro- 
cess. S. G. Thompson is largely re- 
sponsible for the conception and early 
development of the process actually 
used. The process depends on the co- 
precipitation of the plutonium along 
with a “carrier” precipitate, a pro 
cedure which has been commonly 
used in radiochemistry. One of the 
most interesting and awe-inspiring 
aspects in the development of this pro- 
cess was the necessity for the test- 
ing of the process at a time whe! only 
microgram amounts of cyclotron-pro- 
duced plutonium were available. It 
was necessary to test the proccss at 
concentrations corresponding to the 
full level of Hanford plant opera- 
tion and therefore the experiments 
had to be conducted on the ultra 
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microchemical scale of operation, 
which employed volumes of only 
microliters. This involved a scale-up 
between these experiments and the 
fnal Hanford plant by a factor of 
about 101°, surely the greatest scale- 
up factor ever attempted. In spite of 
these difficulties, the chemical separa- 
tion process at Hanford was successful 
from the beginning and its perform- 
ance exceeded all expectations. High 
yields and decontamination factors 
(separation from fission product ac- 
tivity) were achieved in the very 
beginning and have continued to im- 
prove with time. 

The precipitation process which is 
being used involves the use of an 
alternation between the IV and VI 
oxidation states of plutonium, as 
pointed out in the Smyth Report. The 
process involves a precipitation of 
plutonium (IV) with a chemical com- 
pound as a carrier, then dissolu- 
tion of the precipitate, oxidation of 
the plutonium to the VI state and 
precipitation of the carrier compound 
while the plutonium (VI) remains in 
solution. Fission products which are 
not carried remain in solution when 


Pu(IV) is precipitated, and fission 
products which carry are removed 
from the plutonium when it is in the 
VI state. Successive oxidation-reduc- 
tion cycles are carried out until the 
desired decontamination is achieved. 


These statements on the Hanford 
Separations Process, to be sure, repre- 
sent a gross oversimplification of the 
actual process. There are carried out 
in all some thirty major chemical re- 
actions involving hundreds of opera- 
tions before the plutonium emerges 
from the process. The plants them- 
selves defy description with their mas- 
sive structures and their intricate 
maze of equipment, piping and re- 
motely operated controls. The pre- 
liminary design of these plants was 
underway at a time when the world 
supply of plutonium was invisible to 
the naked eye. This remarkable pro- 
gram of investigation with micro- 
scopic and submicroscopic quantities 
marks only one of a large number of 
amazing and, so far unheralded, 
achievements of the men of chemistry 
who developed the chemical separa- 
tion processes which were used on the 
Atomic Bomb Project. 


Electron Shells 


> Each proton in the nucleus of the 
atom holds, by attraction of opposite 
electrical charges, an electron in one 
of the atom’s outer orbits. Whether 
we think of electrons as tiny solid 
planets circling in orbits, or as sys- 
tems of stationary waves, we can de- 
fine their motions by wave-mechanics 


formulae involving certain quantum 
numbers. These calculations explain 
peculiarities in spectrum lines long ob- 
served but previously not understood. 
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The chemist interprets these mathe- 
matical formulae as electron “shells.” 

Wolfgang Pauli (see page 13) is the 
author of the Exclusion Principle 
which further defines the position of 
the electrons by stating: “No two elec- 
trons can have the same set of quan- 
tum numbers.” 

The editors of CHemistry compiled 
from standard text-books the follow- 
ing table of electron shells, the struc- 
ture of shells O and P revised accord- 
ing to Dr. Seaborg’s newest findings. 
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Awards to Hahn and Pauli Emphasize 
Value of Freedom of Science 


Nobel Prizes for Atom Studies 


Wolfgang Pauli 


> Awarp or Nobel prizes to two 
European atomic scientists, one of 
them a German, emphasizes the im- 
portance to scientific progress of free 
interchange and publication of sci- 
entific information. 

Prof. Otto Hahn of Berlin, who 
has been given the 1944 chemistry 
Nobel prize, may be, as rumored, in 
the United States among the German 


scientists brought to this country in 
custody. 


His researches reported in January, 
1939, on the fission of the uranium 
atom with energy release, were ac- 
tually the beginnings of the gigantic 
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Otto Hahn 


research project that resulted in the 
atomic bomb. His scientific reports, 
along with those of Dr. F. Strass- 
mann, co-author with Prof. Hahn of 
the famous Die Naturwissenchaften 
paper, and observations of Dr. O. R. 
Frisch and Dr. ‘Lise Meitner, both 
then refugees from Germany, caused 
the nuclear physicists of the world 
to start striving for the practical re- 
lease of atomic energy. 


Prof. Hahn’s researches were pub- 
lished in the leading scientific journal 
of Germany, despite the fact that 
Nazi Germany was then only a few 
months away from war. 
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> Pror. WoLFGANG PAULI, now visit- 
ing professor at the Institute of Ad- 
vanced Studies at Princeton, N. J., 
who has been awarded the 1945 phys- 
ics Nobel prize, was born in Vienna, 
studied at Munich and until 1940 was 
at the Technical College in Zurich, 
Switzerland. His theoretical studies on 
atomic structure have contributed to 
advances in physics, among them the 
lease of atomic energy. 

He is best known for the exclusion 
principle that bears his name. In an 
article written in 1933, Science Serv- 
ce explained this principle as “rug- 
ged individuality of electrons.” 

This article said: 


Smith, Jones, Brown, White: these 
are the Anglo-Saxon world’s com- 
monest names. They all contain five 
letters. 

The five letters in the name are not 
suficient to classify them, but physi- 


cists can distinguish between the 92 
identical electrons in the uranium 
atom family by having five labels for 
each little mite of electricity, and no 
two of these little fellows have the 
same five letters attached to them. 

These tiny particles of electricity or 
matter, the electrons, are very stand- 
ard uniform fellows and always have 
the same weight and quantity of elec- 
tricity when they are alone, but if they 
are attached together to make up an 
atom they begin to exhibit individu- 
ality. The tags placed on any one of 
them by the scientists give his address 
within the atom and tell how far he 
lives from the center of the com- 
munity. 

The name given to the statement 
of this individuality is the Pauli ex- 
clusion or equivalence, principle, 
which was formulated by the emin- 
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Sir Alexander Fleming 


> Discoverer of penicillin who, with 


Sir Howard W. Florey and Dr. Ernst 
B. Chain, was awarded the 1945 
Nobel Prize in physiology and medi- 
cine. Sir Alexander was the discoverer 
of this mold-produced drug that has 
been so widely effective in treating 
disease, while Sir Howard and Dr. 
Chain through their researches first 
demonstrated its remarkable effec- 
tiveness and developed the drug to 
the point of clinical application. 


ent physicist, Prof. W. Pauli, early in 
the development of the new wave me- 
chanics. This states that there are 
never two or more equivalent elec- 
trons in the same atom, such that the 
values of all five of their quantum 
numbers will be identical when a 
strong magnetic field is applied. 

The Pauli exclusion principle is 
essentially a statement of the rugged 
individuality of electrons and the im- 
possibility of promoting a merger be- 
tween them. 
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Dr. Virtanen of Finland Is 
1945 Nobelist in Chemistry 


Farm Science Wins Nobel Award 


> Practica barnyard science and 
highly important basic investigations 
on how plants turn air into food have 
been combined in the research career 
of Prof. Artturi I. Virtanen, director 
of the Biochemical Institute at Hel- 
sinki, Finland,-to whom the Nobel 
Prize in Chemistry for 1945 has been 
awarded. 

Probably more people in the high- 
ly cow-conscious lands around the 
Baltic would recognize his name as 
the originator of the A.I.V. method 
of making silage than would know 
him as the discoverer of several im- 
portant steps in the nitrogen synthesis 
by legumes. Yet the two are linked 
together, just as some of Pasteur’s 
fundamental researches had practical 
tie-ups with brewing and silkworms. 

Being interested in how proteins 
were made out of nitrogen captured 
from the air by bacteria on pea and 
clover roots, Prof. Virtanen was also 
interested in how the same proteins 
were broken down and destroyed by 
other bacteria. This led to a study of 
how silage spoiled when it was per- 
mitted to become alkaline, with the 
eventual loss of protein in the form 
of ammonia. He stopped such spoil- 
age by wetting down the fresh fod- 
der, as it was packed into the silo, 
with a weak solution of hydrochloric 
acid. Silage thus treated kept very 
well, and the physiological effects of 
the residual acid were offset by add- 
ing a little ground limestone and 
soda at feeding time. This is the 
foundation of the A.I.V. method. It 
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is widely used in the dairy regions of 
Europe, though it has not been adopt- 
ed to any great extent in the United 
States. 

Prof. Virtanen’s researches on the 
capture and utilization of nitrogen 
from the air in food formation in 
plants have led to some interesting 
discoveries. He found that the root- 
nodule bacteria sheltered by legumes 
do not necessarily feed their captured 
nitrogen directly to their hosts, but 
excrete into the soil considerable 
quantities of one of the essential build- 
ing-blocks of the proteins, aspartic 
acid, which the host-plant is able to 
use. He found also that the bacteria 
could live without the support of a 
higher plant, but that they throve 
better and captured more nitrogen if 
they had it. He also uncovered evi- 
dence that higher plants can capture 
nitrogen directly themselves, without 
the aid of root bacteria. 

In other researches Prof. Virtanen 
proved that higher plants could take 
up and utilize relatively complex or- 
ganic compounds from solution in 
the soil. This ran counter to the doc- 
trine, quite generally accepted for a 
hundred years or more, that such or- 
ganic compounds have to be decom- 
posed by soil microorganisms into 
simpler substances, which are then 
taken up by the plants and rebuil: in- 
to complex compounds. 

In experiments with Dr. Synnove 
von Hausen, Prof. Virtanen found 
that plants’ growth could be greatly 
stimulated, by yeast extract. 


CHEMIS ‘RY 





ns of 
:dopt- 
Inited 


n the 
rogen 
mn in 
sting 
root- 
umes 
tured 
, but 
‘rable 
yuild- 
partic 
le to 
cteria 

of a 
hrove 
en if 
| 


pture 
thout 


Chemistry's 
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=~ oa) < Scorcu from a flatiron can be re- 


moved from shirts and dresses (n only 
10 minutes with a special lamp that 
radiates long-wave ultraviolet rays in- 
stead of using sunlight, which requires 
many hours of exposure. The scorched 
area of the shirt shown in the picture 
is dampened slightly before the ultra- 
violet rays are applied. 


100 mitttoN vorts—This machine will speed electrons to energies of 100, 


00,000 volts and produce X-rays of the same power. Dr. E. E. Charlton, left, 


nd W.F. Westendorp are the two scientists at General Electric who have been 
esponsible for the design and construction of this new super X-ray machine. V 
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4 CHEMICAL FARM—Soilless gardens such as this one are in production at the 
AAF air base in British Guinea. These beds are growing lettuce. The complete 
story of the U. S. Army’s hydroponic gardens was told in Cuemistry for 
August 1945. 


CHOLERA curE—Controlled experiments by U. S. Navy surgeons in India @ %S™ 


have shown that cholera can be treated with assurance of recovery by use of @ As 
blood plasma, sulfadiazine and saline solution early in the course of the illness. 

In this U. S. Navy photograph shows an attendant tying off a vein of a Hindu 
patient preparatory to giving an injection. V 
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From Roentgen to the 
Era of Atomic Power 


Fifty Years of Radiology 


by Rosert S. Stone, M.D. 


Part I. 


Dr. Stone, who was in charge of 
medical research in connection with 
the atomic energy development, made 
his presentation of the rise of radi- 
ology at a joint session of the Ameri- 
can College of Radiology, Chicago 
Medical Society, Chicago Roentgen 
Society, Chicago Institute of Medicine 
and the Physics Club of Chicago. He 
is professor of radiology at the Uni- 
versity of California and has been on 
leave of absence for the past four 
years serving as visiting professor at 
the University of Chicago. 
> Tue EvENT of the greatest scientific 
significance to many in the recent past 
was the discovery of x-rays 50 years 
ago. The event of the greatest social 
and political significance was the 
atomic explosion at Alamagorda this 
year. The 1945 imagination chal- 
lenging occurrence was a scientific 
descendant of the less spectacular one 
in 1895. At that time as now there 
were people who wanted to stay in 
the past and not chance a new future. 

In the London Pall Mall Gazette 
appeared the following, “We are sick 
of roentgen rays. It is now said, we 
hope, untruly, that Mr. Edison has 
discovered a substance—tungstate of 
calcium is its repulsive name—which 
is potential, whatever that means, to 
the said rays. The consequence of 
which appears to be that you can see 
other people’s bones with the naked 
tye, and also see through 8 inches of 
solid wood. On the resulting inde- 
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cency of this there is no need to dwell. 
But what we seriously put before the 
attention of the government is that 
the moment tungstate of calcium 
comes into anything like general use, 
it will call for legislative restrictions 
of the severest kind. Perhaps the best 
thing would be for all civilized na- 
tions to combine to burn all works 
on the roentgen rays, to execute all 
the discoverers, and to corner all the 
tungstate in the world and whelm it 
in the middle of the ocean. Let the 
fish contemplate each others bones if 
they like, but not us.” 


History repeats itself. Today we 
find people who suggest putting all 
who had anything to do with the 
atomic bomb in a lethal gas chamber, 
burn up all records and destroy all 
factories. On the more serious side, 
we find the leaders of our country try- 
ing to so control the science involved 
in atomic power that they would 
sterilize effort even to apply it to 
medical fields. 

The advance in the natural and 
biological sciences following Roent- 
gen’s discovery tumbled over each 
other they came so fast. The same 
will undoubtedly be true following 
the development of atomic power. 

The story of the discovery of x- 
rays as you have just heard is a fas- 
cinating one. Professor Roentgen ac- 
complished a great deal in a short 
time in elucidating the physical char- 
acteristics of his new rays. Fortunately 
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for him he worked protected by 
metal from the rays and did not ex- 
pose himself or anyone else to a suf- 
ficient amount of radiation to cause 
biological change. One wishes now 
that another “Roentgen” had arisen 
at that time who would have done 
for the biological effects what Roent- 
gent did for the physical character- 
istics of his ray. As you know, the 
news of the new ray traveled the 
world over and since many people 
had the equipment already at hand 
or rapidly available, experiments with 
the new rays were widespread, almost 
over night. 
First X-ray Burn 

It is always difficult to determine 
how and where ideas arise and fre- 
quently it is of little practical im- 
portance that any one person first 
mentioned a subject, unless they car- 
ried the implications through to a 
satisfactory conclusion. -It would 
seem that Dr. Grubbe of Chicago, 
who was then a manufacturer of 
vacuum tubes, was one of the first to 
notice the damage to his hands after 
experimenting with x-ray tube pro- 
duction, and to connect the damage 
with the x-rays. This fact should be 
noted since many of those who suf- 
fered from x-ray burns later tried to 
explain them on the basis of chem- 
icals, high tension discharges and 
other factors. There were discussions 
as to whether any reactions would 
come from x-rays made with static 
machines, even though it was admit- 
ted that such reactions occurred from 
coil machines. Mr. Grubbe presented 
himself for treatment in January 
1896 and was seen by a Dr. J. E. Gil- 
man, amongst others. Dr. Gilman 
felt that any agent which could cause 
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such changes in tissue should be tried 
as a therapeutic agent om carcinoma. 
Hence he referred a case of carcinoma 
of the breast to Mr. Grubbe on Janu- 
ary 29, 1896. This was apparcntly one 
of the first treatments ever given with 
x-rays. 

The x-rays produced on the appa- 
ratus available in 1896 were “soft” 
or poorly penetrating. The skin and 
soft tissue absorbed most of them so 
that a very small number penetrated 
through to affect photographic plates. 
Very long exposures were needed to 
make the image of the bones visi- 
ble. In April of 1896 Wm. Webster 
noted that the pain of an arthritic 
elbow was greatly relieved following 
a long diagnostic exposure. This was 
the first evidence of the analgesic ef- 
fect of x-rays. In the same month, 
Prof. Daniel of Vanderbilt University 
noted that the. hair of the head of 
Dr. W. E. Dudley fell out some days 
after radiographic exposures of his 
head. Freund of Vienna was one of 
the first to employ this demonstrated 
epilating effect of x-rays in the prac- 
tical problem of removing a large 
hairy naevus from the back of a little 
girl. Freund’s contribution is not 
that he did apply a known effect to 
a therapeutic problem but he des- 
cribed the factors which he used in 
a better way than anyone had pre- 
viously described them. 

Another early chapter in the thera- 
peutic uses of x-rays was introduced 
because it was thought that the new 
kind of ray was present in sunlight 
and sunlight was known to have bac- 
tericidal properties. As early as Janvu- 
ary 1896 the idea was brought forth 
that bacteria should be destroyed by 
radiation. For the next few years 
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many attempts were made to destroy 
bacteria in cultures and it was found 
that perfectly tremendous doses were 
needed. However, it was aiso discov- 
ered in that same. period that treat- 
ment of some infected areas did re- 
sult in healing. Thus, here at the 
beginning, one of the questions which 
has not yet been answered was im- 
posed in definite terms. Why does 
the radiation act in some surround- 
ings and not in others? This applies 
not only to the influence on bacteria, 
but likewise to that on cancer and on 
normal tissues. 

The desire to influence infected 
areas led some enthusiasts to attempt 
to treat pulmonary tuberculosis with 
x-rays, on the assumption that since 
sunlight did it good, x-rays should do 
it more good. The treatment of pul- 
monary tuberculosis with x-rays has 
long since justly faded into the limbo 
of forgotten measures. 

Thompson's Test 

One of the first- practical tests of 
the effect of x-rays on tissues was that 
of Elihu Thomson of Boston who 
exposed his own finger to radiation 
and proved not only that the x-rays 
caused the effect but also that it was 
only the part exposed that reacted. 
His experiences led him to recognize 
the accumulative effect of radiations. 
His efforts were directed at showing 
the dangers and promoting the pro- 
tection of individuals from the harm- 
ful effects of radiations rather than to- 
ward therapeutic uses. 

The Medical profession reacts in 
two ways to new ideas. There are 
those ultra-conservatives who wish to 
have nothing to do with anything 
new and even regard such things as 


quackery. Thus, Dr. Cole of New 
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York was refused permission to radio- 
graph lungs removed at autopsies and 
finally succeeded in getting a patient 
to radiograph provided he would not 
tell anyone the name of the physician 
sending the patient. Dr. Francis Wil- 
liams of Boston also stood the ridi- 
cule and sarcasm of the early days 
in trying to advance the science of 
radiology. A professor of clinical 
medicine in discussing one of Dr. 
Williams’ presentations said the fol- 
lowing: “I have been much interested 
in the development of x-ray and have 
seen something of its use as demon- 
strated by Mr. Walter Dodd at the 
Massachusetts Hospital. I wil! admit 
that I can see broken bones; that I 
can see metallic foreign bodies in the 
extremities; but when it comes to x- 
rays of the chest and to some extent of 
the abdomen I am much less clear. 
Frank Williams has just shown you 
some plates and tells you that the 
heart is here, and the lung is here. 
Now I cannot see a thing in these 
plates and to be truthful I do not 
think he can.” H. Roberts wrote in 
1897, “The x-ray was denounced by 
some leading men in our profession, 
by teachers in surgery, diagnosticians, 
pathologists and practitioners. It was 
regarded by them as foolery, spectacu- 
lar only and fit for the quacks arma- 
mentorium.” 

On the other side of the picture 
are those hyper-enthusiasts who with- 
out adequate knowledge hasten to use 
any diagnostic or therapeutic meas- 
ures before they are sufficiently un- 
derstood or their effectiveness known. 
From their activities x-ray therapy 
came to be considered somewhat as a 
form of quackery. They claimed 
such remarkable results in so many 
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diseases that the medical profession 
looked askance at any claims of 
therapeutic effectiveness. 


Due to the efforts of reliable physi- 
cians it was found that x-rays were of 
definite value in therapy. The next 
step was to find a means of describ- 
ing the conditions under which it 
was used, in such a way that the re- 
sults could be reproduced by someone 
at a distant point or even by the same 
man at the same place when he had 
to use another tube or apparatus for 
providing the high voltage. The origi- 
nal equipment for reproducing the 
high voltage currents and the x-rays 
was quite crude and unstable and 
hence before scientific progress could 
be made, better equipment had to be 
developed. It was thus necessary that 
in the progress of roentgen therapy, 
the following advances must take 
place side by side— 

1. The development of more re- 
liable sources of high voltage 
current 

2. More stable x-ray tubes 

3. Means of measuring the quan- 
tity of x-rays, and 

4. Means of describing the quality 
of x-rays. 

Roentgen used an induction coil to 
energize his tube, but many labora- 
tories at the time were using so- 
called static machines and they came 
into quite general use. The manu- 
facturers produced greatly improved 
types but they were fragile, had low 
current capacity and lacked voltage 
and current control. They were gradu- 
ally superseded by more powerful in- 
duction coils. The induction coils 
were more rugged, and provided 
higher voltage and more current, and 


better control of both, but the best 


20 


only reached 20 milliampere cur- 
rents. One of the big problems con- 
nected with them was the interrupter. 
The early pioneers had great trouble 
with these. In 1907 the Snook in- 
terrupterless transformer was intro- 
duced and with it the energy avail- 
able exceeded the capacity of the x- 
ray tubes available. The value of 
higher energies soon became so ap- 
parent that the trend from then on 
was toward higher and higher en- 
ergy transformers. Since the trans- 
formers produced an alternating type 
of current and x-ray tubes required a 
current flowing in one direction, vari- 
ous types of mechanical rectifiers were 
introduced by various manufacturers 
along with new types of transformers. 
The control of the energy output was 
first secured by a variable resistance 
in the primary circuit, but in 1909 
the auto-transformer was introduced. 
This continues to fill a valuable place 
in X-ray apparatus. 


Valve Tube Rectification 


With the introduction of valve tube 
rectification on a commercial scale in 
1926, we see an example of the 
joining of forces of two lines of de- 
velopment from Roentgen’s early dis- 
covery. One of those peculiar coinci- 
dences now enters the picture. Elec- 
trons were discovered as a result of 
the discovery of x-rays. The develop- 
ment of electron tubes paralleled 
somewhat the development of x-ray 
apparatus. The valve tube utilizing 
the science of electronics came to the 
aid of x-ray by providing the most 
satisfactory means of rectification. By 
combining the valve tube rectifica- 
tion with condensers it was possible 
to provide almost constant potential 
currents for x-ray therapy. Constant 
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potential currents gave a beam  x- 
rays with a far more penetrating ray 
than the fluctuating current apparatus 
operating on a peak voltage equal to 
the constant potential. With no dis- 
couragement from those whe make 
constant potential equipment, we 
ardently argued the advantages of x- 
rays produced by a constant potential 
over those produced by fluctuating 
voltage. It was almost malpractice 
in the opinion of some of us for our 
fellow radiologist to actually con- 
tinue to treat patients with old type 
fluctuating currents, 

With each advance in voltage and 
current output and control, the op- 
portunities for varying techniques 
became much greater and the depth 
to which sufficient radiation could be 
delivered increased. Therefore in re- 
viewing the therapy of the past it 
will be well to remember a few dates. 
Important Dates 

The first 200 kv therapy apparatus 
became available in this country in 
1921 and very rapidly became quite 
generally adopted with improvements 
being added. About ten years later 
several much higher voltage units be- 
came available for experimental work 
on clinical material; a special induc- 
tion coil type was installed at New 
York Memorial Hospital; a trans- 
former type was built by C. C. Lau- 
ritsen and by General Electric; a high 
frequency resonance generator was 
built by Sloan and Van deGraff de- 
veloped an electrostatic generator. 
After another ten year period a new 
type of electron accelerator called the 
betatron was discovered by Kerst and 
how x-rays can be produced with en- 
ergies of 20-100 million volts and the 
end is not yet in sight. Such ener- 
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getic rays have not yet been tried in” 
clinical radiologic practice. 


To the equipment manufacturers 
the radiologists and humanity owe a 
great debt of gratitude in that they 
not only put into equipment all new 
developments from outside scientists 
but they had their own crop of sci- 
entists continually on the search for 
technological improvements and new 
ideas with which to make more satis- 
factory apparatus. We have now al- 
most unlimited voltages and current 
under accurate control. 

While apparatus to produce high 
voltage electricity is necessary, the real 
source of the radiation is of course the 
evacuated tube. Roentgen was work- 
ing with a Hittorf-Crookes tube 
when he discovered the new rays. 
Such tubes were considered to be 
highly evacuated, but fortunately the 
degree of evacuation was such that 
some gas atoms were still present. 
These served as the means of produc- 
ing the cathode stream which went 
from the cathode or negative end of 
the tube to the glass at the opposite 
end. The x-rays were produced when 
the electrons were stopped in the 
glass. With such an arrangement it 
was impossible to get very high in- 
tensities of radiation because there is 
always heat produced when the 
cathode rays are stopped and if heavy 
currents were used the glass melted. 
One of the first improvements in x- 
ray tubes was therefore the insertion 
of a platinum foil target, and with 
this was a focusing arrangement so 
that the cathode rays converged on 
the target rather than scattering over 
the whole end of the tube. In this 
present day when we are so accustom- 
ed to fine focus x-ray tubes, it is 
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interesting to read that tnese early 
tubes with concave cathodes were 
called “focus tubes.” Many develop- 
ments were made in the gas tubes to 
permit more stable operation with 
higher x-ray output. Various meth- 
ods of controlling the gas pressure in 
the tube were devised. Heavier tar- 
gets were made that could stand more 
heat. The greatest improvement was 
the development of ductile tungsten 
and its use as disc embedded in cop- 
per. 

In 1913 W. B. Coolidge introduced 
the hot cathode high vacuum tube. 
This was one of the greatest technical 
advances made in radiology because 
it permitted stable and reproducible 
operations with flexibility and long 
life. For therapeutic uses the develop- 
ment of means of cooling the target 
so that continuous operation at rela- 
tively high currents was possible, has 
been the line of most profitable im- 
provement since the high vacuum hot 
cathode tube was introduced. Of 
course, throughout this period of de- 
velopment tubes that would stand 
higher and higher voltage were made, 
until now there are available two mil- 
lion volt, multiple sectional vacuum 
sealed tubes. 

How Much X-ray? 

Thus the manufacturers trom the 
very beginning supplied the means of 
making x-ray and gradually improv- 
ed these. But in order to scientific- 
ally utilize the x-ray it was necessary 
to know both the quality and the 
quantity of x-ray being utilized. Every 
high potential producing apparatus 
gave currents with different energy 
distribution and these in turn pro- 
duced x-rays of multiple penetrating 
qualities. In addition, the erratic be- 
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havior of gas tubes and the less er- 
ratic but still variable behavior of 
modern tubes caused variations. In the 
early years of x-ray therapy it was 
very difficult to tell what quantity or 
quality of radiation had been used 
for any treatment. 


The early methods of measuring x- 
ray radiation frequently involved both 
the quantity and quality with no clear 
distinction. Roentgen himself suggest- 
ed chemical means of measurement. 
He also noted that the air through 
which the x-rays passed was ionized, 
but he does not seem to have sug 
gested this as a means of measure. 
ment. Early in 1896, J. Perrin first 
measured the loss of an_ electri 
charge caused by the ionization pro 
duced by x-ray, by means of an ait 
condenser. But this method was lost 
sight of or very little used for sev- 
eral years, and several other methods 
tried. The fact that a fused mix- 
ture of potassium chloride and so- 
dium carbonate changed color when 
radiated was used. In 1904 pastilles of 
barium platinocyanide which fluo- 
resced under radiations were used, 
the degree of fluorescence being the 
measure of the quantity. Holzknecht 
and others devised scales of compati- 
son of the color of pastilles to the ery- 
thema dose. Various fluorescent meth- 
ods were used and improvements 
made in them even as late as 1926. In 
1905 the degree of darkening of a 
photographic silver bromide paper 
was worked out by Keinback. 

The amount or quantity of x-ray 
that is produced is dependent upon 
the amount of current that flows 
through the x-ray tube. In 1904 a 
meter which could measure the small 
currents in thousandths of amperes 
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in the high potential line was intro- 
duced. This milliampere meter gradu- 
ally became very wide spread and the 
commonest method of expression of 
the quantity of x-rays was the num- 
ber of milliampere minutes used, i.e. 
the current flowing through the tube 
measured in milliamperes multipled 
by the number of minutes it was 
made to flow. Such a description was 
utilized very freely up until the con- 
denser “r” meter became available in 
1930 and even yet is too frequently 
ued. In its time it was extremely 
valuable but the quantity of x-rays 
depends upon so many other factors 
that it is only a crude approximation 
of a correct measure. 

Biological Methods 

Biological methods of measuring 
the quantity of x-rays have been 
numerous. Thus the effects on oscaris 
eggs, transplanted tumors, on fruit 
fy eggs, on tadpoles, wheat seedlings 
and other biological materials have 
been used as methods of measuring 
the quantity of x-rays. Probably the 
best biological methods from the ther- 
apeutist’s point of view has been the 
reddening of the human skin. While, 
as do all biological effects, the amount 
required to produce an erythema or 
redness varied considerably from per- 
son to person and while each observer 
may differ as to what he calls an 
erythema, never-the-less the erythema 
dose has been and continues to be a 
much used and useful manner of 
measuring quantity, provided the 
quality is known. 

While other physical means were 
tried from time to time, down through 
the years the ionizing effects of x- 
rays were frequently turned to as a 
means of measuring for other than 
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medical purposes. As early as 1908 
Villard suggested the electrostatic 
unit as a measure of the ionization. 
In 1914 Szilard constructed a dosi- 
meter to measure this ionization in a 
small metal chamber. It was realized 
by all that to properly measure the 
ionization large air chambers would 
be needed and the higher the voltage 
the larger the chambers. These were 
not practical in the many radiologists’ 
offices that had been established and 
hence there was a keen desire for 
smaller units that would accurately 
measure the ionization. In 1925 Fricke 
and Glasser constructed the first small 
air wall ionization chamber, which 
came to be known as the thimble type. 
In 1928 a dosage unit based on ioni- 
zation was accepted by the Interna- 
tional Congress of Radiology. It was 
called a “roentgen” and designated 
by a small letter “r.” A change in 
definition of this unit was agreed on 
at the 5th International Congress in 
1937 and is the one at present in use. 
The small thimble chambers cannot 
fulfill the requirements of the defini- 
tion but they can be calibrated against 
large chambers and pressure chambers 
such as those developed at the Bureau 
of Standards. Various types of ioni- 
zation measuring apparatus have been 
developed in the research laboratories, 
but the production of commercial in- 
struments has been limited to a small 
number of companies. Up until 1927 
commercially available instruments 
were almost all of foreign make. Since 
1927, dosimeters, condenser meters, 
integrons, intensitometers and other 
such meters have been available. It is 
now inexcusable for a radiologist to 
be unable to tell with a considerable 
degree of accuracy the quantity of 
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radiation that he uses in the treat- 
ment of any condition. 

While the possession of the roent- 
gen as a unit of quantity measure- 
ment has been a blessing to radiolo- 
gists, it has also been somewhat of a 
curse. Many clinicians still feel that 
they should know all there is to know 
about medicine and that even the 
highly specialized field of roentgen 
therapy should be within their do- 
main. When the terms used to des- 
cribe radiations were multiple and 
vague the clinicians seldom attempted 
to prescribe doses of x-ray, but since 
the roentgen has been available it was 
an easy unit to talk about and hence 
too frequently patients are sent to 
the radiologist with the request that 
they be given so many roentgens per 
day for so many days, just as they 
might be sent home with a bottle of 
medicine and told to take so many 
drops per day for so many days. Un- 
fortunately the “roentgen” is not even 
as inclusive a term as the word “drop” 
and the application of radiation ther- 
apy is still more of an art and science 
than the mere giving of a certain 
quantity without any reference to the 
place to which it is to be delivered, 
the type of radiation, or the variations 


in the response of the patient or the 
tumor. 


Not All Identical 

X-rays, as all of you know well, 
are not all identical. The variations 
are spoken of as variations in the en- 
ergy of photons, comprising the rays, 
of variations in the wave-length com- 
prising the waves. Thus as light has 
varying qualities which to the human 
eye are apparent as colors, so x-rays 
have various qualities, but they are 
somewhat more difficult to detect. As 
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mentioned before the early measure- 
ments of x-rays were a compound of 
quantity and quality of the rays. 
Thus Freund in describing the radia- 
tions he used for therapy stated that 
they were such that they permitted 
the hand to be photographed in one 
minute. The common practice in the 
early period was to place the hand be- 
tween the x-ray tube and the fluores. 
copic screen and judge the brightness 
of the image. The voltage of the 
exciting current to a certain degree 
controls the quality of the x-rays but 
many other factors play important 
parts. The earliest measure of the 
voltage was the spark gap, or the 
distance through air between two 
pointed metal rods that the particu- 
lar current would jump. The method 
of expressing the quality of the rays 
as so many inches of spark gap was 
very prevalent up to the recent past 
and one still sees occasional reference 
to it. It was and is an inaccurate 
method, but much better than just a 
statement of the apparatus used. More 
recently a much more accurate spark 
method has been devised. Using 
spheres of specified size for each volt- 
age range it is possible to determine 
with reasonable accuracy the voltage 
across a tube. 


The most logical procedure would 
seem to be a direct measure of the 
voltage applied to the tube but in- 
struments for this purpose have been 
found to be very difficult and expen- 
sive to construct and not too accurate 
when handled by the inexperienced. 
When transformers came into general 
use voltage meters on the primary 
circuit and so-called “pre-reading volt- 
meters” came into general use. A pre- 
reading voltmeter is simply a volt- 
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meter on the primary side which is 
calibrated to indicate the high voltage 
current that will result from that low 
voltage input. The commonest ex- 
pression of quality of x-ray has been 
the kilovoltage or “kv.” Since, how- 
ever, kilovoltage tells only the shortest 
waves present and not the proportion 
of these to other waves, by itself it is 
quite an inaccurate method of speci- 
fying quality. 

For therapeutic purposes what one 
really wants to know is how much of 
the radiation penetrates to the depth 
of the tumor. In other words, how 
penetrating is the radiation. As early 
as 1902 Benoist introduced a penetro- 
meter which determined the amount 
of radiation that would pass through 
various thicknesses of metal. In 1913 
Christen introduced a method of des- 
cribing quality by what he called the 
“half-value” layer. One of the ob- 
jectives was to obtain a single term 
that would suffice. The half-value 
layer is that thickness of a metal 
which will decrease the intensity of 
radiation beam by one-half. This is 
now the commonest method of ex- 
pressing the quality of radiation. By 
agreement specific metals are used as 
the medium—aluminum, copper and 
lead respectively as the voltage in- 
creases from the 100 to the 200 to 
the 600 plus ranges. I cannot here 
go into the inaccuracies of this meth- 
od but in stating that other methods 
have been suggested such as Duane’s 
effective wave length, and Singer 
and Taylor’s standard absorption 
curves which give the quality in what 
is called “equivalent constant poten- 
tial” units, it is clear that the phy- 
sicists, if not the physicians, are not 
satisfied with the present method of 
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describing the quality of the beam 


of x-rays in general use. 


Methods of Therapy 

Having so hastily traced the physi- 
cal data underlying therapy, the meth- 
ods of therapy as they have changed 
with time shall now be followed. 


Roentgen himself made no sugges- 
tions regarding therapy, but before 
his third communication was read 
many had suffered from x-ray burns 
and some treatments had already 
been given. At first it was necessary 
to give “experimental” doses and see 
what would happen, then treat again 
and wait. The first tubes used had 
low and irregular outputs so that 
treatments were very prolonged and 
irregular, in distribution. Over the 
years, experience with x-ray therapy 
accumulated. At first it was purely 
individual experience. Later, as equip- 
ment became more standardized and 
methods of describing and reproduc- 
ing doses improved, collective ex- 
perience became possible. It is dif- 
ficult to trace any theories of treat- 
ment in the early days. It was largely 
a trial and error procedure—accomp- 
lishing much good. Several steps for- 
ward based on the interaction of 
physical, biological and clinical facts 
can be seen. As early as 1903 Wil- 
liams advocated having the tube close 
to the patient for skin lesions and 
further from the patient for deeper 
lesions because the effect in the depth 
was greater relative to the skin effect 
the farther the tube was from the 
skin. The problem of the best dis- 
tance of the target from patient has 
been one of great interest ever since. 
Since the intensity of radiation de- 
creases very rapidly with increasing 
distance, it was impossible to treat at 
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very large distances while the output 
of tubes was low. Now that the manu- 
facturers provide whatever energy is 
needed it becomes a matter for the 
radiologist to decide what is best. 
The gain in depth dose becomes pro- 
gressively smaller as the ratio of the 
tube to the skin distance to the skin to 
tumor distance gets greater. The law 
of diminishing returns may be said to 
apply. 

As was mentioned above, all beams 
of x-rays as they come from the x-ray 
tube contain rays of all energies many 
of which are not useful except when 
needed to treat very superficial lesions. 
Very early in the use of x-ray, ground- 
ed sheets of aluminum were placed 
between the x-ray tube and the pa- 
tient. These, however, were put there 
for the purpose of eliminating elec- 
trical effects. It was not until 1904 
that specific mention was made of 
- studies of aluminum filters for the 
purpose of cutting out the undesir- 
able low energy x-rays. This original 
study was made by Perthes, but with 
no apparent connection Pfahler in 
1905 started the use of the leather 
filter. Pfahler’s argument was essen- 
tially that leather being similar to 
skin would absorb the same quality 
of rays as were being absorbed in the 
skin and hence would decrease the 
skin reaction while leaving the under- 
lying reaction the same. Following 
Pfahler’s example many of the radi- 
ologists of this country adopted leath- 
er as the first filter and, therefore, the 
first means of improving the quality 
of the rays. 

From the work of physicists, it 
became obvious that the more en- 
ergetic rays known as the “harder” 
rays or the short wave length rays 
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could penetrate deeper into the tis. 
sues before being absorbed than the 
low energy rays, and thus the princi- 
ple slowly evolved that for treating 
superficial lesions no filter was need- 
ed, but for deeper lesions increased 
filters were needed to stop the low 
energy rays which would reach the 


depths at which the effects were de- § irrad 
sired. After the leather filter was ad- § meth 
opted, glass filters came into use and § accey 
aluminum filters. The physical in- § of ai 
vestigation of the factors concerned § varic 
in the absorption of x-rays by metals His 1 
finally lead to the evolution of what § kno\ 
may be called scientific filtration. It In 
is not possible to enter into further J cent 
discussion of this here except to state J rese: 
that it is now the accepted practice J scat 
to use aluminum filters for superficial J vari 
therapy, copper or tin and copper & and 
filters for the 200 to 400 kv therapy J unt 
and lead filters for the higher volt- & that 
ages. In each instance the filter is J gre: 
more complex than the simple state- JJ to | 
ment above. In 
X-ray Penetration me 
The fact that x-rays must be pen- Jj alo 
etrating to the depths of the body as § !9 


well as affecting the surface was evi- 
dent from the early reports. Dr. 
Voight of Hamburg, Germany in 
February 1896, and Dr. Depeignes of 
Lyons France in July 1896 treated 
patients with deep seated cancer. In 
both instances they reported the re- 
lief of pain and a general improve- 
ment of the patient. However, it was 
not until Senn treated the enlarged 
spleen of a leukemic patient in 1903 
with a subsequent marked shrinking 
of the spleen that it was realized gen- 
erally by the medical profession that 
the effect went deeper than a few 
millimeters. 
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The method of irradiating deep 
gated lesions was slow in develop- 
ing. The early techniques were to ap- 
ply the x-rays directly from the sur- 
face nearest to the tumor. In 1903 Des- 
ser suggested a technique of mul- 
tiple tubes placed at different points 
around the patient so as to uniformly 
irradiate the whole body. While this 
method did not receive very general 
acceptance, it did lead to the principle 
of aiming the x-rays at a tumor from 
various points on the surface. This 
is now universal practice and is 
known as the “cross-fire” technique. 


In the second decade of the 20th 
century a large amount of physical 
research was done on the penetration, 
scattering and absorption of x-rays in 
various materials, including tissues 
and tissue-like materials. It was not 
until such studies were wel! in hand 
that the radiologist could get any 


great concept of what was happening 
to the radiations entering a patient. 
In 1918 Kroenig. and Friederich 
measured the decrease in the intensity 
along the center of the beam, and in 
1922 Glasser published curves show- 


ing the distribution of intensity 
within the tissues by means of lines 
connecting the points receiving equal 
doses. These he called “isodose 
curves.” Such measurements together 
with the increased voltages, better 
filters and better understanding of tar- 
get skin distances now permitted well 
versed therapists to plan and deliver 
known doses to any desired spot in 
the body. Moreover, through the work 
of Quimby and others it has become 
possible to speak more accurately of 
the actual quantity of radiation ab- 
sorbed in the tumor by the use of the 
term “tissue roentgen.” 
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Whether a given dose of radiation 
should be administered all at one time 
or divided doses over a period of days 
has been a problem confronting radi- 
ologists almost from the beginning. In 
the first months, because of the low 
output of the tubes, it took a long 
time to administer any dose and there- 
fore it was necessary to divide the 
doses up into several sittings. As ap- 
paratus improved it became possible 
to give massive doses in short times 
even to deep seated lesions. Seitz and 
Wintz in 1920 advocated the use of 
such massive doses. They stated that 
from 130 to 150 per cent of the doses 
necessary to cause a skin erythema 
was a cancerocidal dose if given at 
one time in a short period. We all 
wish that they had been right. History 
does not record how great a part 
the severe reaction of the patient to 
this massive dose technique played 
in its rejection in this country. Be- 
fore the war it was still being used 
in Germany with slight modifications, 
even on the super-voltage equipment, 
but I personally do not know any 
place in this country where it was 
the method of choice for deep seated 
lesions. 


Biological Tests 

Biological investigations have in- 
fluenced the course of therapeutic 
measures since 1903 when Heinecke 
found that there was a selective ac- 
tion of x-rays on tissues and that the 
lymphoid tissues seemed to be the 
most sensitive. In 1904 Bergonie and 
Tribondeau studied histologic _pic- 
tures of the rat’s testicle after irradia- 
tion and formulated their ‘law” 
which has tremendously influenced 
radiologists ever since. “Immature 
cells and cells in an active state of 
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division are more sensitive to the ra- 
diation than are cells which have al- 
ready acquired their adult morpho- 
logic and physiological characters.” 
Such studies formed the basis for the 
belief that there was a good reason 
behind the observed fact that x-rays 
were having effects on cancer and 
other pathological cells. 

In 1914 Regaud studied the effects 
of varying doses and varying times of 
administration on the testicles of rab- 
bits. He found that when he pro- 
tracted each sitting and fractioned the 
dose to several sittings days apart, the 
cells of the testicle were affected to 
the same degree as when the same 
total dose was given all at one time, 
but that the skin was not damaged 
nearly so much. Drawing an analogy 
between these growing and repro- 
ducing testicular cells and cancer cells, 
he devised a method of treating with 
radium. In 1920 Coutard adapted this 
to the roentgen ray therapy of cancer 
of the region of the throat. In 1926 
Holthusen on the basis of clinical 
experience and studies of the total 
time necessary for all cells of a tumor 
to divide, concluded that, “There is 
evidence of an enhanced summation 
effect of partial doses.” 

Several other techniques of divided 
doses were tried based on different 
theories such as rate of recovery of 
various tissues. The same practical 
observation however came from all 
of them, namely that by giving treat- 
ments daily for many days the skin 
could tolerate much greater total 
doses, but many tumors could not. 

Many tests were made with animals 
and with human skin to study the 
effects of various methods of fraction- 
ing the dose. It is generally conclud- 
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ed that each tissue has its character. 
istic response and so does each tu- 
mor. Hence a very complex situation 
exists. One has to treat a tumor of 
unknown response through tissues of 
varying degrees of sensitivity and find 
the method that will do it best. 

What might be called the modern 
method of therapy of deep seated 
lesions might be described in the fol- 
lowing way. Deliver a known number 
of tissue roentgens to all parts of the 
tumor by a cross-fire technique using 
the optimum voltage and filter for 
the best depth dose at the site. The 
dose should be given over a variable 
period of from one day to 60 days 
depending on the expected reaction 
of the tumors gauged by past ex- 
perience. Protraction, or the use of 
low intensities for long treatment peri- 
ods has largely been discarded in this 
country. 
Two Million Volts 

The problem of the proper voltage 
has been acutely before radiologists 
for the last ten odd years. Apparatus 
is now readily available for voltages 
up to two million. It is always hard 
to evaluate clinical results when sta- 
tistical fluctuations are great, and 
numbers of patients relatively small. 
Any opinion now is necessarily indi- 
vidual and not a group opinion. | still 
believe that properly used 200 kv 
therapy can cure as many or nearly as 
many deep-seated cancers as any high- 
er voltages tried to date, but to do so 
requires great skill on the part of the 
radiologist and considerable endur- 
ance on the part of the patient. Volt- 
ages from 400,000 to one million can 
do the job more easily and with less 
reaction on the part of the patient. 

The considered judgment of the 
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past is, I believe, that superficial les- 
ions can best be treated with low 
voltages and that 200 or 1000 kv 
therapy is of increased value only 
when deep effects are needed. 

In the above discussion, it has been 
more or less assumed that the treat- 
ments were directed at cancer. By far 
the largest field of effort of the radia- 
tion therapist has been in the treat- 
ment of malignant diseases. While 
everyone hopes that some better meth- 
od of treating cancer than either the 
surgical or radiological will be found, 
never-the-less these two methods, go- 
ing hand in hand, are producing 
many good results and are the most 
satisfactory methods available at the 
present time. It must not be forgot- 
ten, however, that radiation therapy 
has a much wider field. There are 
about 80 skin diseases which are either 
best treated with radiation or in 
which radiations act as a valuable ad- 
junct to other methods of therapy. 
X-ray therapy is used with sufficiently 
satisfactory results to justify its con- 
tinued use in some 400 diseases. 


Many of our medical confreres ac- 
cuse us radiologists of embracing too 
large a field and expecting the x-ray 
therapy to act on too many different 
conditions, but the fact that radiations, 
which do cellular surgery, favorably 
affect so many conditions is not any 
stranger than that gross surgery should 
be of usefulness in a wide ficld. 

From the faltering steps in the 
first months after Roentgen’s discov- 
ery, radiologists have developed x- 
ray therapy from an infant to a strong, 
husky adult. In the early days the 
problems were to procure equipment 
that would work satisfactorily and 
give reproducible results. Later on 
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the physicist entered the field and 
made the proper administration of 
radiation a more scientific but more 
complex one and now with a large 
amount of biological background is it 
any wonder that with all these com- 
plexities it has been necessary to de- 
velop specialists in radiology. At the 
present time a good radiologist must 
have a background of knowledge of 
the physical factors involved in the 
transfer of radiant energy to human 
tissue and of the biological and clini- 
cal actions of radiation; must have a 
good grasp of pathology; must know 
his general medicine and of course 
must be a good diagnostician. I am 
convinced that the specialty of radi- 
ology is ripe for a division into its two 
logical parts —diagnostic radiology 
and therapeutic radiology. 

Biological and clinical studies have 
shown that radiations can influence 
intra-cellular physiology and biochem- 
istry by direct and indirect action and 
that it can by selective action perform 
a complete removal of certain cell 
types. Is it any wonder that so many 
diseases can be altered. 


The men who have guided the ap- 
plication of the roentgen ray to medi- 
cine have been primarily physicians. 
To absorb the contributions of the 
biologists, chemists and physicists, en- 
gineers and pathologists and apply 
them to the diagnosis and treatment 
of disease has been an absorbing task. 
It is no wonder that specialization was 
required. The fruits of the radiolo- 
gists’ efforts since 1895 have been 
abundant, the more so because so 
many of them in addition to their 
medical education had also been prac- 
ticing physicians before specializing. 
In the near future, with the new de- 
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velopments now to be discussed, still specialized any radiologist becomes, 
further specialization will undoubted- if he is to be useful in applying this 
ly develop. The lesson from the past new knowledge to the field of medi- 
to be clearly remembered in the fu- cine, he must be first and foremost a 
ture is that no matter how highly _ physician. 


Part Il. of Dr. Stone’s paper tells of radioactivity and atomic power. 


Iodine was discovered in 1811 in manufacturing saltpeter to 
make gunpowder for Napoleon; calcium nitrate was converted to 
Saltpeter by a seaweed alkali and corrosion in the copper pots was 
found to result from until-then unknown iodine. 
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Little Known Chemical 
Buttons Plastics Together 


Formaldehyde—The Chemical Button 


Seventh of a Series on Basic Chemicals 


by Dr. C. M. A. Stine 


Vice-President Advisory on Research and Development, E. I. du Pont de Nemours & Co. 


> A cHEMICAL “BUTTON” is doing a 
quiet but important job of fastening 
molecules together in scores of arti- 
cles for America’s fighting forces. 


It is a four-atom compound—one 
carbon, two hydrogen, and an oxygen 
—known as formaldehyde. The gov- 
ernment considered this chemical so 
essential to national defense that it 
placed formaldehyde on the priority 
list on August 22, 1941, less than two 
weeks after steel was brought under 
similar priority control. 


Everyone knows why the conserva- 
tion of steel helped win the war. 
Steel makes battleships and airplane 
engines and tanks and cannon and 
shells. But what does formaldehyde 
make, besides a disinfectant and an 
embalming fluid? 


The secret of formaldehyde’s popu- 
larity is the job it does in plastics, 
particularly the phenolic and urea 
varieties, among the most widely used 
of all plastics in the war production 
program. The plastics industry, in 
fact, is the largest consumer of for- 
maldehyde. The formaldehyde mole- 
cule, to use the analogy coined by a 
Du Pont chemist, is the “button” that 
fastens together the molecules of 
phenol or urea in the plastic composi- 
tion, resulting in large molecules or 
polymers which give the plastic its 
desired properties. Their usability 
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depends upon the fact that, when sub- 
jected to heat and pressure, in suitable 
steel dies, these resins can be molded 
into almost any desired shape—simple 
or very complicated. 


Light, sturdy, weather-proof, re- 
sistant to quick changes in tempera- 
tures and humidity, and having good 
insulating properties, plastics are used 
in a great variety of mechanical and 
electrical parts of trucks, airplanes, 
tanks and ships. They not only re- 
lease metal or rubber for other uses 
but are preferred for most of these 
applications because of their own de- 
sirable qualities. And the plastic arti- 
cles can be cheaply and rapidly turned 
out by the thousands once the mold 
or die is made. 


Tough, plastic safety helmets are 
worn by thousands of workers in 
shipyards, steel plants and other 
places where things sometimes fall on 
heads. The soldier’s inner helmet, 
worn alone in hot weather or under 
his steel helmet, is also a plastic arti- 
cle. Gas mask parts, grips for bayo- 
nets, pistols and machine guns, and 
even the handle of the lowly mess-kit 
knife—all these are part of the con- 
tribution formaldehyde made to the 
war job. 

Some of the resins are combined 
with paper, cloth or other fibers to 
make laminated plastics, which in 
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turn are pressed into various objects, 
including antenna masts for bombers, 
quiet but tough gears and bearings 
for all kinds of machinery. These 
laminated plastics, being easy to work 
and possessing excellent insulating 
qualities, are made into panels for 
airplanes, tanks, automobiles and 
ships. In machinery and industrial 
tools and in vessels which must re- 
sist corrosive chemicals formaldehyde 
plastics perform valued service. Such 
plastics also provide the binding ma- 
terial for grinding wheels and other 
abrasive equipment. 

The phenol-formaldehyde and urea- 
formaldehyde resins make very tena- 
cious glues for building up plywood, 
and in this application played a role 
in the construction of Army assault 
boats—strong, light craft for landing 
troops. Plywood gliders, using these 
bonding resins, were made on a large 
scale, and plywood was also used for 
barrack walls. 

Tough, enamel-like finishes of for- 
maldehyde plastic materials were 
used by the ton on tanks, ships, am- 
munition and other war materials. 

So widespread is the application of 
formaldehyde plastics or formalde- 
hyde in other chemical compounds 
that objects employing this chemical 
are within our reach or sight almost 
every hour of the day. They include 
telephones, automobile parts, furni- 
ture glues and finishes, radio parts, 
buttons, shoes, refrigerator finishes, 
bottle tops, lamps. Even wallpaper is 
made waterproof and therefore wash- 
able by means of a formaldehyde com- 
pound. And since formaldehyde helps 
to fix vat dyes, many articles of cloth- 
ing contain it. Formaldehyde is used 
also for the treatment of various 
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seeds, saving millions of bushels of 
oats or wheat, for example, which 
might otherwise be destroyed by rust 
or smut. 

Like many other fruits of modem 
chemistry, formaldehyde, produced in 
America by the tens of thousands of 
tons, comes from coal, air and water. 
The starting material is methyl alco 
hol or methanol. This is synthetic 
“wood alcohol”—which has never 
seen wood, unless one regards coal as 
the fossilized remains of a forest and 
the alcohol made from coal as the 
“spirit” of the: long-departed wood- 
land. The elements making up 
methyl alcohol are carbon from coal, 
hydrogen from water and oxygen 
from water and air. Its formula is 
CHsOH. To produce formaldehyde 
methyl alcohol vapor and air are 
passed over a catalyst and two atoms 
of hydrogen are removed from the 
alcohol, leaving HCHO, which is the 
formula of formaldehyde. 

Formaldehyde gas is dissolved in 
water and marketed in that form— 
by the bottle, barrel or tank car. By 
removing most of the water the 
chemist forms a polymer known as 
paraformaldehyde. Adding ammonia 
to formaldehyde produces still an- 
other compound, hexamethylenetetra- 
mine. Paraformaldehyde and “hexa” 
are both used in plastics. 

Formaldehyde is not only of prac- 
tical interest to the industrial chem- 
ist, it is of theoretical interest to the 
student of life-processes. For if it is 
allowed to stand in a slightly alkaline 
solution it will condense into a chem- 
ical with a molecular structure like 
sugar, but inedible. And there is a 
theory that formaldehyde is one of 
the intermediate products in the mys- 
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terious reaction by which plants em- 
ploy the energy of sunlight to manu- 
facture sugars, starches, cellulose, etc. 


—the basis of all life on earth. All of 


Chem Quiz 


these plant products are of most vital 
importance as foods, clothing (linen, 
cotton and rayon) and lumber for 


building. 


Do You Know The Atom? 


> Wuar part, if any, do the following -trons play in the architecture of the 
atom? If you can’t fit them into their orbits, turn to page 38 with a speed 


not exceeding 186,000 miles per second. 


electron ° 
mesotron 
thyratron 
neutrino 


neutron 
calutron 
positron 
natron 


Photographic Emulsions Painted on Metal 


> A NEW SIMPLE paintbrush method 
of applying photographic gelatin- 
silver-halide emulsions to metal sheets, 
so that patterns can be photographed 
on the metal to guide workers in 
building airplanes, is described by 
Faurest Davis of Ansco, with offices 
in Los Angeles, California, visiting in 
Washington. Although there are sev- 
eral methods now in use, including 
silk screen and stencil devices, the 
photographic method of transferring 
engineering drawings to the work it- 
self by photographic means has proved 
highly satisfactory in a number of air- 
craft plants. 

The process described by Mr. Davis 
begins with heating a bulk emulsion 
gel to a temperature of 110 degrees 
Fahrenheit in a double boiler or water 
jacket. These and other operations 
must be carried out in a darkroom. 
under proper safelight conditions. A 
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homogenizer or stirrer with stainless 
steel fittings, running at 5,000 revolu- 
tions a minute, is next used to blend 
glycol-monobutyl-ether with the lique- 
fied emulsion. The substance acts as a 
gelatin leveling agent. After about two 
minutes of stirring, considerable foam- 
ing occurs and a few drops of another 
substance are added to prevent air 
bubbles. The mixture is then ready to 
be spread on the metal. Materials to 
be sensitized are usually coaced with 
a flat white lacquer tree of sulfides and 
other contaminants, and heated to 
about 100 degrees Fahrenheit to allow 
the emulsion to level out before be- 
coming stiff. 

The warm, liquefied emulsion is ap- 
plied with a soft paintbrush. Up to 
1500 square feet can be covered with 
a gallon of the mixture. This brings 
the cost of the sensitizing material 
down to about one cent a square foot. 
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Advances in Many Fields 
Told in U. S. Patent Grants 


New Chemical Patents 


For INFORMATION about any patent 
you may obtain the complete patent 
by sending 10 cents in coin (not 
stamps) to the Commissioner of Pat- 
ents, Washington, D. C., and asking 
for the patent you wish by number. 
Sulfur Salvage 
> Surrur, one of the commonest 
and most useful of chemical elements, 
can be salvaged from foul-smelling 
hydrogen sulfide by a newly patented 
process developed by Minor C. K. 
Jones of Mountainside, N. J. 

Hydrogen sulfide is a problem 
product of many industrial proces- 
ses, such as oil refining and making 
coal gas. It is also present in quanti- 
ties in some natural gases. It is poison- 
ous, and besides, it smells like rot- 
ten eggs, so that nobody wants it 
around. 

Mr. Jones’ method is to put it 
with another sulfurous gas, sulfur 
dioxide, in the presence of a catalyst 
at high temperature and under pres- 
sure. The hydrogen from the one 
gas and the oxygen from the other 
combine to form water, and the sul- 
fur from both comes out uncombin- 
ed and in a high state of purity. 

Rights in patent 2,384,926, issued on 
this invention, are assigned to the 
Standard Oil Development Company. 
Uncaked Frozen Foods 
> Pacxaces or frozen foods need not 
be solid bricks, as they familiarly are 
today. They take this form, Frank W. 
Knowles of Seattle states in the pre- 
amble to his patent 2,385,140, because 
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they are put into freezing trays still 
covered with water from the washer, 
and this water sticks them together 
when it turns to ice. In his new pro- 
cess, Mr. Knowles keeps the, food 
pieces constantly agitated, while he 
passes them first through a nearly 
saturated atmosphere where each 
piece becomes covered with an indi- 
vidual glaze of ice or frozen sugar 
syrup, then through a drier atmos 
phere where the freezing process is 
completed. Rights in this patent are 
assigned to the Beltice Corporation, 
of Seattle. 


Distillation Process 

> Parent 2,385,074, which covers a 
novel type of still, is for use in frac- 
tional distillation processes. A helical 
screw sweeps the condensed liquid 
along the bottom of a condensation 
chamber, where it passes through an 
outlet and reverses direction, to flow 
counter-currently through an annular 
outer jacket. Patentee is Edwin M. 
F. Guignard of Berlin-Dahlem and 
rights are vested in the Alien Prop- 
erty Custodian. 


Coral Tree Drug 


> Two cuemists employed by Merck 
and Company, Inc., Dr. Karl Folkers 
and Dr. Randolph T. Major, received 
patent 2,385,266 on a method for ex- 
tracting alkaloid drugs from the 
woody plant Erythrina, or coral tree— 
so called because of its brilliant red 
flowers. These compounds have 4 
physiological action resembling that 
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of the more familiar South Ameri- 
can Indian arrow poison, curare, now 
used to some extent in the treatment 
of diseases involving severe muscular 
spasm. Their patent rights are as- 
signed to the employing company. 


New Sulfa Drug 

>» To Merck AND Company, INc., are 
assigned rights in patent 2,385,224, 
taken ‘out by an Englishman, George 
Newbery of Hutton Mount, on a 
new and complex sulfa drug, des- 
criptively named as 2-(para-amino- 
benzene-sulfonamido)-thiazole. 


Coal Burning Method 


> Wirth Fuets of all kinds on the 
scarcity list and winter in the offing, 
more than ordinary interest attaches 
to a new apparatus for getting maxi- 
mum heating value out of coal, es- 
pecially low-grade anthracites with 
high ash content, on which U. S. 
patent 2,385,508 has just been granted 
here to Edgar S. Hammond of Bloom- 
field, N. J. with assignment to the 
Blaw-Knox Company. 


Essentially the device consists of a 
closed, racecourse-shaped loop of 
strong steel tubing. The coal, ground 
fine, is blown in near one end by a 
jet of dry, superheated steam. Addi- 
tional steam jets send the particles 
around and around the course, jostl- 
ing together and reducing each other 
further in size. An outlet near the 
other end takes off the inner part of 
the coal-powder stream, in which the 
particles have been reduced to micro- 
scopic fineness. Blown directly into 
the furnace firebox, this super-pow- 
dered coal burns with a thermal effi- 
ciency said to approximate that of 
gas. 
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Salvaging Engine Exhaust 

> Tue sive flames that spurt from 
airplane engine exhaust outlets of 
course represent fuel waste. To sal- 
vage this, a Swedish inventor, Alf 
Lysholm of Stockholm, has invented 
an auxiliary power plant to be at- 
tached to the main engine exhaust. It 
is designed to utilize the now wasted 
energy in three ways: it drives a 
supercharger that forces air up to 
the main engine, it turns a small 
propeller and thus adds to the tractive 
power, and when it finally leaves it 
is forced through a narrowed vent 
that gives it a certain amount of 
rocket-propulsive value. Patent 2,385,- 
366 has been issued on this invention. 
Rubber to Metal 

> RussBer sHOuLpD be, in many ways, 
the ideal protective coating for metal: 
it is water- and acid-proof, and some 
of the synthetic varieties are oil-proof 
also. The big drawback is that rub- 
ber doesn’t want to stick to metal, 
but is always peeling off at just the 
wrong moment. 

For better bonding of rubber to 
metal, Henry H. Harkins uses a 
double adhesive. First he coats the 
metal with a synthetic resin of the 
Bakelite type—a phenol-aldehyde 
compound. This sticks well to metal. 
Then he sticks the rubber to this 
with a cement composed of rubber, a 
resin, and an oxidizing material. 
Patent 2,386,112, covering this bond- 
ing system, is assigned to the United 
States Rubber Company. 

Lessens Hemorrhage Risk 

> Aspirin and related salicylic acid 
compounds involve some risk from 
hemorrhage, either externally from 
chance injuries or internally from the 
lining of the digestive organs, states 
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Prof. Karl Paul Link of the Univer- 
sity of Wisconsin, in the preamble 
to his patent 2,385,365. This is be- 
cause of the destructive effect of these 
drugs on prothrombin, the substance 
that acts to produce clotting in blood, 
thereby normally stopping blood flow. 
Prof. Link conteracts this disadvanta- 
geous property of the pain-relieving 
salicylic acid compounds very simply, 
by adding to each dose appropriate 
quantities of a water-soluble com- 
pound of clot-promoting vitamin K. 
Rights in the patent are assigned to 
the Wisconsin Alumni Research 
Foundation. 

Magnesium Risk Reduced 

> Rosert S. Busk of Midland, Mich., 
has discovered that the addition of a 
very little lithium (.001%) to mag- 
nesium greatly reduces the fire risk 
in melting and otherwise working 
with this highly inflammable metal. 
Patent 2,385,685, issued on the new 
type of alloy, is assigned to the Dow 
Chemical Company. 

Glass-Coated Steel 

> Turee METALLURGIsTs at the Mid- 
dletown, Ohio, plant of the American 
Rolling Mill Company, V. W. Car- 
penter, S. A. Bell and J. E. Heck, 
have assigned to that firm their rights 
in patent 2,385,332, on a method for 
making steel sheets, intended for use 
in electrical and magnetic machinery, 
coat themselves with a tightly ad- 
hering layer of insulating glass. A 
steel high in silica is used; after roll- 


ing the sheets are covered with cal- © 


cined magnesia and given a slow heat 
treatment in an oxygen-free atmos- 
phere. The silica and magnesia react 
together to form a tough glass. 
New Paper Finish 


> UREA-FORMALDEHYDE condensation 
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products are used together with starch 
in a new kind of paper finish, on 
which G. B. Fowler and D. K. Pat. 
tilloch of Springfield, Mass., have ob- 
tained patent 2,385,438. Reaction is 
brought about through the addition 
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a steady stream; then they have to be 
accumulated into big batches before 
they can be put through the final 
steam-pressure treatment. Some foods 
cannot stand the cooling-off that takes 
place during this waiting period. 
Emile O. Mehline and William 
Calvert, both of Seattle, interested 
particularly in salmon canning, have 
undertaken to overcome this difficulty 
by keeping the cans moving all the 
time, even during the pressure-cook- 
ing stage. They accomplish this last 
step by pressuring the cans under a 
liquid instead of in big, clamped- 


down, boiler-like steam kettles. On l 
this process they have received patent J for 
2,385,828. pas 
Oil Well Water thit 
> Om propucers are often heartily § ™ 
cursed (and sometimes sued) by their gla 
neighbors for the foul water that is an § "“ 
undesirable by-product of their busi- J" 
ness. It contains salt, lime, iron and § 
bacteria. Samuel A. Winkelmann of § 2" 
West Columbia, Texas, offers a treat- tal 
ment for rendering oil-well waters in- § PF 
nocuous, as basis for patent 2,385,903. 


First, he passes an electrolytic cur- 
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rent through the water as it flows 
down a conduit. This breaks up the 
salt, to form two compounds, sodium 
hydroxide and sodium hypochlorite. 
The latter has germicidal action: that 
gets rid of the bacteria. Then the 
water plunges into a settling well, in 
which air carrying finely divided cal- 
cium carbonate is bubbled up against 
i This has the effect of bringing 
down the other undesirable com- 
pounds as solid precipitates. Finally 
the water is passed through a filter, 
after which it is respectable enough to 
go out into the world and mingle 
with other water. 

Thin Flexible Glass 

> Gass in very thin strips, so thin 
that they can be wound up on spools 
like wide ribbon, can be manufactur- 
ed by a new process on which U. S. 
patent 2,386,511 has just been issued 
here to Games Slater and Henry 
Snow of Newark, Ohio, and assigned 
to Owens-Corning Fiberglas Cor- 
poration. Thin glass layers of this 
kind have possible uses in many in- 
dustrial fields; the inventors point out, 
for example, that they could replace 
mica in practically all of its numer- 
ous applications. 

Ultrathin glass sheets have been 
formed in a number of ways in the 
past, but all of them have had some- 
thing wrong with them. The new 
method consists of flowing melted 
glass out of an orifice of flattened ellip- 
tical shape, preventing the sides of 
the flat tube from coming together 
and sticking by maintaining a slight 
air pressure within it. The tube is 
taken between a pair of rollers, which 
press it together into a single sheet; 
or if desired it may be made two-ply 
with a middle lamella of a suitable 
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bonding material. As it is rolled up 
on a spool it is lightly spraved with 
oil to prevent sticking and abrasion. 
Minute Silica Grains 

> Particres of silica, the chemical 
foundation of common sand, as small 
as the smallest bacteria are prepared 
by a method on which patent 2,386,- 
337 was granted to the late Paul S. 
Moyer of Lake Forest, Ill., represented 
by his widow, Elizabeth S. Moyer, as 
administratrix. Particles of this near- 
ultramicroscopic size are of value as 
fillers in enamels and paints, and for 
other industrial purposes. 

The method is exceedingly simple. 
A solution of sodium silicate (water 
glass) is poured into a strong solu- 
tion of methanol (wood alcohol); 
then carbon dioxide is bubbled 
through it, neutralizing the solution 
until it is faintly acid. The silica 
comes out in pure form, as round 
particles as small as 1.0 to 1.5 microns 
in diameter. The sodium comes out 
as sodium carbonate, still in solution. 
The silica particles may be taken out 
by filtration. The methanol can be 
recovered by distillation, and the so- 
dium carbonate by evaporation, for 
re-use in another batch. 
Anti-Corrosion Anti-Freeze 
> WitH wiInTER just around the 
corner and few new cars in sight, 
particular interest attaches to an anti- 
freeze fluid on which Frederick R. 
Balcar of Stamford, Conn., has taken 
out patent 2,386,182. Assigned to U. 
S. Industrial Chemicals, Inc. It is 
like one standard type of anti-freeze 
mixture in that its basis is glycol, with 
the addition of such other compounds 
as sodium hydroxide, boric acid and 
sodium nitrite. 

However, it departs from the stand- 
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ard pattern in the material used to 
prevent corrosion in radiator and 
water-jacket. At present, castor oil 
is widely used. This is a good anti- 
corrosive, but tends to separate out 
from the mixture on standing, since 
it is insoluble in water. The inventor 
uses instead two compounds of castor 
oil, the monoricinoleates of glycol 
and glycerol. These are water-soluble, 
and will not separate out from the 
rest of the mixture no matter how 
long it stands. 

Insulating Materials 

> A new electrical insulating material 
composed of cellulose acetate impreg- 
nated with powdered magnesium ox- 
ide. Patent 2,386,659, granted to 
Frank M. Clark of Pittsfield, Mass., 
on this invention, has been assigned 
to the General Electric Company. 
Wood Treatment 

> A FIRE-RETARDING compound for 
treating wood, on which patent 


2,386,471 was issued to Grinnell 
Jones and Walter Juda, Cambridge, 
Mass., assignors to the Albi Chemi. 
cal Corporation. Principal constitu- 
ent is either monoammonium phos- 
phate or diammonium phosphate. It 
may be applied to wood in buildings 
already constructed, and it resists rot- 
causing fungi as well as fire. 
Sulfur Gases 

> Mernops for getting troublesome 
sulfur gases, especially hydrogen sul- 
fide, out of gases in oil refineries and 
other industries, are covered by pat- 
ents 2,386,202 and 2,386,390, obtained 
by Willis C. Fernelius and James P 
McReynolds of Columbus, Ohio. Air 
and carbon dioxide are mixed with 
the gas, which is passed over a porous 
contact mass at high temperature. The 
sulfur comes out pure, in melted 
form. Afterwards it is used as a 
scrubbing medium to remove other 
objectionable gases. 


New Use for Surgical Masks 


> Tue Marines have discovered a new 
battle use for surgical masks, the 
squares of cotton gauze that doctors 
and hospital staffs wear. During the 
invasion of Iwo Jima, they used 5,000 


Answers to Chem 


> IN THE ARCHITECTURE of the atom 
we find neutrons, together with pro- 
tons, in the nucleus, and electrons 
“revolving in orbits” around them. 
We find positrons, like electrons ex- 
cept for opposite electric charge, shoot- 
ing out of artificially radio-active ele- 
ments. Nuclear physicists postulate 
the neutrino, which has not been 
found, to account for slight inequali- 
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such masks, supplied by the American 
Red Cross, as protection for nasal pas- 
sages against irritating sulfur dust and 
volcanic ash which clouded the air 
over that strategic island. 


Quiz on Page 33 


ties between mass and energy. The 
mesotron is a particle heavier than 
an electron but lighter than a pro- 
ton, which is found in cosmic rays. 
The rest of the -trons were just put 
in to make it harder. The calutron is 
a piece of apparatus contrived out of 
the California University cyclotron 
for the atomic bomb research. The 
thyratron is one kind of radio tube. 
Natron is an old name for sodium. 
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Chemical “Magic”: 


Snuff Out Candle Invisibly 


by JosepH _H. Kraus 


>Pourtne an invisible fluid from a 
transparent glass pitcher on three burn- 
ing candles and extinguishing their 
flames in order, from the shortest one 
first, is an experiment which will in- 
terest an audience. At the same time 
the demonstration teaches in a spec- 
tacular manner one of the systems used 
for fighting fires. 

The fluid for this experiment is 
carbon dioxide gas. This heavier-than- 
air gas is invisible, consequently it will 
remain in a pitcher for a considerable 
time even though the container is left 
uncovered. The fluid may be handled 
like water and may be poured from 
the pitcher. With a large quantity of 
gas it is not necessary to confine the 
fluid in a receptacle. But for the pur- 
poses of this demonstration it is best to 
set up the equipment as illustrated in 
the diagram. 

Obtain a large glass container, such 
as a one- or five-gallon bottle, the top 
of which has been cut off. In this 
arrange three candles. Only two are 
needed because one can be cut into 
two sections. Make one section only 
one-third the length of the candle. 

Now fill a large, transparent pitcher 
with carbon dioxide gas. There are 
two easy ways to do this. The simplest 
is to obtain from your ice cream parlor 
a small piece of dry-ice. Drop this into 
the pitcher, let it remain there for 
about five minutes. By this time the 
pitcher will be full of carbon dioxide. 
Another method for producing carbon 
dioxide is to arrange a milk bottle as 
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CANDLES» 


SODIUM 
SD 


BICARBONATE 
SOLUTION 


illustrated in the diagram. Pass a long 
stem funnel through a tight hole 
punched in the paper cap of the bottle. 
If no long stem funnel is available you 
can increase the length of the stem of 
any ordinary funnel by attaching a 
glass or plastic drinking straw with a 
section of rubber tubing. 

The stem of the funnel must be 
below the surface of the liquid con- 
tents in the bottle. This liquid is a 
saturated solution of washing soda or 
bicarbonate of soda in water. 


Make Carbon Dioxide 

Through another hole in the paper 
cap pass a short length of flexible rub- 
ber hose. Now stand the mouth of the 
pitcher directly under the delivery tube 
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and pour vinegar into the funnel, a few 
tablespoonsful at a time. Gas bubbles 
will be produced immediately. This 
gas is carbon dioxide and can be col- 
lected in the pitcher by the displace- 
ment of air. Being heavier than air, the 
gas will go to the bottom of the pitcher 
pushing the air out over the top. 


Handle the pitcher carefully to avoid 
disturbing the contents. Any rush of 
air across the mouth is likely to mix 


the COs» with air. 


If the invisible gas is poured into 
the receptacle containing the lighted 


candles, they will be snuffed out one 
at a time; the lower one first and then 
the others in rapid order. If you find 
that all three candles go out at once 
you are pouring the gas from too great 
a height or too rapidly. Just slow down 
your operation or bring the mouth of 
the pitcher closer to the receptacle. 

Carbon dioxide or COz gas has the 
property of extinguishing flames be- 
cause it deprives burning materials of 
oxygen needed for combustion. It is 
for this reason that CO,» extinguishers 
are used extensively to fight airplane 
and industrial plant fires. 


B Vitamins in Sunflower Seed Meal 


> We may be eating cake, bread or 
rolls made from sunflower seed meal 
because of its nourishing and culinary 
values discovered in studies by a hus- 
band and wife team, Prof. and Mrs. 
Harry G. Day, at the Indiana Uni- 
versity, Bloomington, Ind. 


Sunflower seed meal is a good 
source of B vitamins, Prof. Day and 
Ezra Levin, of Monticello, Ill., report 
in the journal, Science. Fed to rats as 
their only supply of B complex vita- 
mins, it was superior to wheat-germ 
and corn-germ meals and far supcrior 
to defatted soybean meal, but de- 
cidedly inferior to brewer’s yeast. 


At this point in the studics, Mrs. 
Day joined the team. She demon- 
strated that sunflower seed meal, 
which is described in the scientific 
report as “a light gray palatable pow- 
der,” could be “satisfactorily blended 
with white flour and corn meal to 
make appetizing baked goods.” 


Although scientists have been 
searching for new food materials for 
both animal and human feeding, very 
little attempt has been made to de- 
termine the value of the economically 
important sunflower, Prof. Day and 
Mr. Levin point out. Meanwhile, sun- 
flower production has been increasing 
rapidly for the sake of the oil ob 
tained from the seeds. 

The residue after removal of the 
oil has been used for livestock and 
poultry feeding. It is about half pro- 
tein. When produced by a low-tem- 
perature, solvent extraction process for 
removing the oil, this protein is in 
the same class as the protein of oats, 
wheat and barley, Prof. H. H. Mitch- 
ell and associates of the University of 
Illinois have recently reported. The 
sunflower seed meal used in the Day- 
Levin studies was obtained by this 
extraction process that does not de- 
stroy the biological value of the pro- 
tein. 


Over 300 species of eucalyptus trees are known, and each pro- 


duces its own distinctive oil. 
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Chemistry Plays Major Role 
In New Treatments for Ills 


Latest Advances in Medicine 


CurRENT PROGRESS in the medical 
fields that bear upon chemistry are 
reported by Jane Stafford, Science 
Service medical staff writer in these 
summary articles. 


Antibiotic in Water-Chestnuts 
> A NEW ANTIBIOTIC, or germ-stopping 
substance resembling penicillin in its 
action, has been found by a group of 
four Chinese scientists in the small 
round tubers known as water-chestnuts 
and familiar to patrons of Chinese res- 
taurants everywhere. The research 
team consists of S. L. Cheng, B. L. 
Cheng, W. K. Cheng and P. S. Tang, 
all of Tsing Hua University at Kun- 
ming. They report their results briefly 
in a letter to Nature. 

Unlike penicillin, the newly discov- 
ered antibiotic is not soluble in organic 
solvents such as ether and benzene. 
It can be destroyed by moderate heat- 
ing. War-caused lack of proper lab- 
oratory equipment has thus far pre- 
vented the workers from preparing it 
in purified form. 

It has been given the name “pu- 
chiin,” from the Chinese characters 
that stand for the plant from which 
it is derived. To botanists it is known 
as Eleocharis tuberosa; it is a member 
of the sedge family. 

Curare for Polio 

> Tue use oF curare, the old Indian 
arrow poison, in the treatment of in- 
fantile paralysis is reported by Dr. Ni- 
cholas S$. Ransohoff, of Long Branch, 
N.J., in a recent issue of the Journal 
of the American Medical Association. 

The arrow poison was tried in four 
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consecutive cases at Monmouth Me- 
morial Hospital. “Striking improve- 
ment of the symptoms” was obtained, 
Dr. Ransohoff states. 

Physicians do not ordinarily report 
on the value of a treatment that has 
been tried in only four cases, but Dr. 
Ransohoff states that he is making this 
“preliminary” report because “there is 
a great deal of infantile paralysis in 
the country at the present time and it 
is hoped that other observers will use 
this drug.” 

Rh Blood Research 

> THE DRAMATIC achievements of 
medical skill in saving the lives of 
babies threatened with death because 
the Rh factor in their blood is incom- 
patible with the blood of their mothers 
may be followed by the tragedy of 
having a living idiot instead of a dead 
baby. Calling attention to this, the 
British Medical Journal editorially 
urges an extensive program of co- 
operative research in this field. 

Drs. R. R. Race and A. E. Mourant, 
of the Galton Laboratory Serum Unit 
of Cambridge, England, have already 
offered their services and facilities for 
such a program, it was announced. 

The disease caused by Rh incom- 
patibility, erythroblastosis fetalis, is re- 
sponsible for more deaths than is any 
other inherited condition—perhaps for 
more than all of them put together, 
the editorial states. But studies re- 
cently made in the United States show 
that a much larger percentage of 
feebleminded children are Rh positive 
with Rh negative mothers than would 
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be expected on the basis of statistics 
for the whole population. This indi- 
cates that damage to the baby’s brain 
may occur before birth. 

“Rh incompatibility,” the editorial 
declares, “raises a problem in negative 
eugenics second to no other . . . it 
seems futile to suggest that the 15% 
of women who are Rh negative should 
have 85% of the male population 
barred to them; yet the dangers are 
relatively great. It is clear that more 
research is urgently called for along 
a number of different lines.” 

Nerve Block for Shingles 

> THE INTENSE pain of herpes zoster, 
or shingles as it is popularly known, 
can be relieved instantaneously and 
permanently by a nerve block treat- 
ment, Dr. Thomas Findley and Dr. 
Reynold Patzer, of Tulane University 
School of Medicine, New Orleans, re- 
port in the Journal of the American 
Medical Association. 

The treatment, known technically 
as paravertebral procaine block, con- 
sists of injections of the local anes- 
thetic, procaine hydrochloride, into 
appropriate masses of nerve cells. The 
method is not new. It was reported 
by Dr. S. Rosenak, of Budapest, in 
1938 and by an American physician, 
Dr. A. Street, in 1943. Physicians gen- 
erally, however, are not acquainted 
with the method, it appears from the 
report of Drs. Findley and Patzer. 

A woman who had had “virtually 
no rest” for seven days in spite of large 
amounts of sedative and pain-relieving 
drugs was completely relieved of the 
severe pain within 10 minutes after 
the nerve block was performed. She 
is among the four patients whose cases 
are reported by the New Orleans phy- 


sicians. 


42 


A total of 29 cases, including these 
four, has been reported so far as hav. J 
ing had this treatment. In only two 
was there failure to produce prompt 
and lasting relief. 

Besides the prompt relief from pain, 
the blisters heal rapidly. 

The treatment is not difficult, the 
physicians report, and “practically 
without danger if only procaine or 
allied anesthetic drugs are used and if 
one is familiar with anatomy.” 

A virus closely related to that of 
chicken pox is the cause of shingles, 
or herpes zoster. The condition is an 
acute inflammation of certain spinal 
ganglions, or collections of nerve cells, 
with various degrees of degeneration 
in corresponding sensory nerves. The 
extent of the skin eruption seems to 
parallel the intensity of the nerve in- 
flammation. 

The nerve block treatment relieves 
the pain, the physicians state, by in- 
terrupting a vicious cycle of nerve 
impulses and abolishing the blood ves- 
sel spasm resulting from some of these 
impulses. 

Blood Substitute 

Not Acceptable 

> Tue Germans used very little blood 
plasma for treatment of shock in their 
war wounded. Apparently they never 
got around to setting up donor centers 
such as the American Red Cross or- 
ganized early in the war. 

Instead of plasma, the Germans used 
a synthetic chemical called Periston. 
American scientists turned thumbs 
down on it when they studied it. It 
is a polymer, polyvinyl pyrrolidone, 
made in the course of developing new 
plastics. This and related polymers in 
some ways physically resemble albu- 
min which is probably what led to 
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development of one of them as a blood 
substitute. 


Periston is one of the war develop- 
ments of the German chemical indus- 
try reported by the industrial intelli- 
gence staff of the Chemical Warfare 
Service. Some of it, however, had been 
obtained from Germany at least two 
years ago and studied by scientists on 
the blood substitutes committee of the 
National Research Council. Although 
the Germans are reported to have used 
over 300,000 units of Periston for mili- 
tary personnel, apparently without 
harmful effects, the blood substitutes 
committee was of the opinion that it 
was probably more harmful than 
materials American medical scientists 
would accept for a blood substitute. 
They also found that it was not sufh- 
ciently effective to be recommended 
for use by American physicians and 
surgeons. 


New Role for Amino Acids 


> THE ESSENTIAL amino acids fur- 
nished by animal proteins such as 
meat, cheese and eggs have assumed 
anew role in nutrition as a result of 
studies by Dr. L. T. Samuels of the 
University of Utah. 

Heretofore scientists have believed 
these amino acids were required and 
used by the body directly in produc- 
tion of its own protein tissue in flesh 
and blood. Dr. Samuels’ studies sug- 
gest that some amino acids may be 
chiefly used by the pituitary gland, 
hazelnut-sized organ at the base of 
the brain. 


This small but highly influential 
gland produces chemicals called hor- 
mones. Among them are one that 
influences growth, another that in- 
fluences activity of the adrenal glands, 
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and others that affect other glands 
such as the thyroid and sex glands. 


Through its various hormones, this 
gland plays a role in the body’s utili- 
zation of carbohydrate, fat and pro- 
tein foods, Dr. Samuels reported at 
the third annual hormone conference 
at Mont Tremblant, Canada. 


If an animal whose pituitary gland 
has been removed is fed the same diet 
that will keep a normal animal grow- 
ing and healthy, the animal without 
the pituitary gland will also increase 
in weight but not as much as the 
normal one. Its weight increase, 
moreover, will be almost entirely in 
deposits of fat, rather than in forma- 
tion of muscles and other tissues. 


The, picture is reversed if the ani- 
mal is given both pituitary growth 
hormone and thyroid hormone. Then 
the animal gains weight more rapidly 
than the normal animal, but stores 
more water and protein and less fat. 


Under these circumstances, the ani- 
mal which increases most in weight is 
also the one which consumes the 
greatest amount of his food as en- 
ergy. The reason for this, Dr. Sam- 
uels explained, is that the weight gain 
comes from stored water and low en- 
ergy material, that is, protein. 


From this and similar studies Dr. 
Samuels reasons that the value of 
protein to the animal will be affected 
by the pituitary gland if this gland 
affects protein storage. The biological 
value of protein will be much lower 
in an animal without its pituitary and 
particularly if the gland is failing to 
produce its growth hormone. 


Starvation, other scientists have 
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found, affects the pituitary gland very 
early. One of the first things that 
happens is a wasting of the sex glands, 
resulting from decreased production 
of the pituitary hormone affecting 
these structures. The wasting can be 
reversed even in a starving animal if 


pituitary gonadotropic hormone is 
given. 


This effect of starvation on the 
pituitary gland is not a question of 
vitamin lack, Dr. Samuels stated. No 
one knows exactly what the factor re- 
sponsible for it is. It may involve the 
amino acids. If so, the relative bio- 
logic value of a protein food may be 
determined not only by its general 
effect on body cells but by its ability 
to supply what the pituitary gland 
needs to produce its hormones. 


Search for Streptomycin 


> STREPTOMYCIN, newest weapon in 
the germ-fighter’s armory, was no 
lucky chance discovery, Dr. Selman 
A. Waksman, bacteriologist at .the 
New Jersey Agricultural Experiment 
Station, has declared. He and his as- 
sociates put in five years of hard 
work searching for it, and had to re- 
ject, as failures, several other com- 


pounds that at first seemed quite 
promising. 


Dr. Waksman told the story of the 
search for streptomycin as guest of 
Watson Davis, director of Science 
Service, on “Adventures in Science,” 
heard over the network of the Co- 
lumbia Broadcasting System. 


Streptomycin, now undergoing its 
first careful clinical tests, is not in- 
tended or expected to be a rival or 
replacement for penicillin. If it proves 
of value in the treatment of human 
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ills it will rather act as a partner of 
complement to the well-known mold 
made medicine, Dr. Waksman ex. 
plained. This is because it will a. 
tack certain germs on which peni- 
cillin has little or no effect. In the 
class of germs that are immune to 
penicillin but which streptomycin will 
attack are the causes of such diseases 
as typhoid fever, dysentery, undu- 
lant fever, tularemia, whopping cough 
and plague. 


It is not strictly correct, Dr. Waks. 
man pointed out, to refer to either 
streptomycin or penicillin as germi- 
cides. They do not kill the germs out- 
right but simply prevent them from 
growing and multiplying. The germs, 
unable to grow, gradually die. A new 
term has had to be coined to designate 
substances of this kind; they were 
christened “antibiotics” in the New 
Jersey Experiment Station _ labora. 
tories, where much of the pioneer 
work in their investigation and us 
has been carried out. Some anti: 
biotics are also germicides, but not 
all of them. 


Penicillin’s origin in a soil-inhabit- 
ing fungus or mold, Penicillium, is 
already well-known. But antibiotics 
do not all come from molds. One of 
the first to be discovered, gramicidin, 
comes from a species of soil bacteria. 
Streptomycin was found in a peculiar 
organism known as Streptomyces 
griseus, which is neither a bacterium 
nor a mold, but occupies a more of 
less intermediate position between 
these classes of lower plants, re 


sembling bacteria in some respects, 
molds in others. 
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Insect-Borne Diseases 
an Become Extinct 


DDT Can Wipe Out Plagues 


»DDTcan sEND malaria mosquitoes, 
typhus lice and other disease-carrying 
insects to join the dodo and the dino- 
aur in the limbo of extinct species, 
thereby ending these particular plagues 
for all time. 


This is the promise held out by the 
two Swiss chemists who started DDT 
on its present spectacular career as a 
killer of insects, Dr. Paul Lauger, tech- 
nical director of the firm of J. R. 
Geigy, S.A., and Dr. Paul Muller, in- 
ventor of the DDT insecticides. 


African sleeping sickness, spread by 
the tsetse fly, was another scourge 
mentioned as a possible candidate for 
extinction. The area in Africa that is 
now practically an unpopulated waste 
because of the menace of this terrible 
disease could be hemmed in by a cor- 
don of DDT-armed insect-fighters, 
who would press constantly in upon 
the fly-infested terrain both in the air 
and over the ground, until the last 
acre had been mopped up. 


Mass attacks of this kind, Drs. Lau- 
ger and Muller admitted, would cost 
money and take time; but the cost in 
either would be only a fraction of that 
demanded by war—and human lives 
would be saved, not recklessly spilled. 
Such campaigns would also be devas- 
tating to beneficial insects and other 
cold-blooded forms of life, they said, 
but they claimed these could repepu- 
late the areas by inward dispersal from 
the unsprayed margins. 


On a less sweeping scale, but still 
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on a major field campaign basis, the 
two Swiss chemists point out how 
DDT can be used to combat some of 
our worst crop pests, like boll weevil 
and other cotton insects. These often 
constitute the bulk of the insect life 
of the large fields where the crops are 
grown, so that damage to beneficial 
insect populations becomes a less seri- 
ous consideration. 


DDT can even be used in warfare 
against dug-in insect enemies, it has 
been discovered. It can be used effec- 
tively in this way against the grubs or 
larvae.of the Japanese beetle, though 
oddly enough it has not been found 
particularly poisonous to their close 
cousins, the big white grubs that grow 
up to turn into Junebugs or May 
beetles. Another ground-dwelling pest 
that succumbs to DDT is the round- 
worm or nematode that causes root 
rot, a disease afflicting many plants. 


For some of these mass attacks, 
DDT has been found a hundred times 
more effective than the arsenical poi- 
sons hitherto in use. For instance, 15 
pounds of DDT per acre will be as 
effective against Japanese beetle larvae 
as 1500 pounds of a standard arsenic 
compound applied to the same area. 

DDT can be applied by practically 
any method now in use with other 
insecticides. It is especially effective 
dissolved in Freon and released as an 
aerosol, but it also works well dis- 
solved in kerosene or other light oils 
and used with ordinary spraying ma- 
chinery. It is only slightly soluble in 
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water, but oil solutions can be easily 
made into emulsions. Dispersed in 
inert powdered materials such as talc 
or kaolin, DDT is an excellent crop- 
dusting medium. 

One of the most promising carriers 
for household use of DDT seems to 
be wall paint. Since flies, mosquitoes 
and other domestic pests need only to 
touch it with their feet in order to 
pick up enough to kill them, a DDT- 
carrying painted surface turns the 
whole interior of a room into a big 
death-trap for them. Several well- 
known commercial firms are already 
manufacturing DDT paints. 


> How sawoust and other wood waste 
can be made into a fine quality hard 
wallboard by a new chemical process 
and a hydraulic press was demons- 
trated recently to a group of scientists 
at the Polytechnic Institute of Brook- 
lyn, where the new method was de- 
veloped. The simple chemicals used 
are themselves a waste by-product of 
wood-using industries. 

The new process is so simple and 
the equipment costs so low, that every 
sawmill in the country producing a 
few tons of sawdust a day will find 
it a profitable project. The sawdust 
passes directly from the saw to a mixer 
where the chemical is added. A minute 
or two is all that is required for the 
mixing. Then the pulp is squeezed in 
a hydraulic press. The catalytic action 
of these wood-derived chemicals causes 
the wood to recombine with itself into 
a strong, grainless board. 


By use of molds, the pulp can be 
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Wallboard From Sawdust 






















Such paints are effective only as long 
as their surface remains clean. Coat 
ings of dirt or grease form protecting 
layers between the poison and the feet 
of the insects, causing loss of killing 
potency. Paints that tend to scale or 
crumble a little, thereby automatically 
keeping fresh surfaces exposed, prom. 
ise to be especially good as DDT 


carriers. 


























Shelf age, the Swiss scientists de. 
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compressed into cups, plates and trays, § ““* 
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With the new process, it is claimed, as 

2,000 square feet of first quality, § bo 

strong, water-resistant wallboard can § Th 

be obtained from one ton of sawdust. § ha 


It is estimated that 20,000,000 tons of 
sawdust and related fine shavings and 
chips result from all phases of produc- 
tion by the lumber-using industries of 
America each year. In addition to an- 
nual sawdust production, vast quan- 
tities of old sawdust may be found in 
lumber areas. With the partial deple- 
tion of timber supplies due to exces- 
sive war needs, wallboard made from 
waste sawdust might prove particular 
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New Super Rough-on-Rats 
Deadly as Insects’ DDT 


“1080” 


by Dr. FranK THONE 


>» A NEW CHEMICAL rat-killer, just re- 
leased from under wartime wraps, 
appears to be just about as deadly to 
rodent pests as DDT is to flies and 
mosquitoes. It was developed by chem- 
ists and biologists of the U.S. Fish 
and Wildlife Service at the Patuxent 
Research Refuge near Washington and 
at the Wildlife Research Laboratory 
near Denver. First report on the new 
rodenticide is given by E. R. Kalm- 
bach of the Denver laboratory, in a 
recent issue of Science. 

Chemically, the poison is sodium 
fluoroacetate. For convenience, it is 
known by a number, 1080. 


The new ratbane seems to be the 
deadliest stuff ever tried out tor the 
purpose. In carefully controlled tests, 
it has been able to kill the common 
Norway rat in concentrations as low 
as five milligrams per kilogram of 
body weight, Mr. Kalmbach states. 
That means that if a rat weighing 
half a pound swallows a pinpoint 
speck of it weighing less than two 
ten-thousandths of an ounce, he will 
die. To certain other rodents, such as 
prairie dogs, 1080 is deadly in even 
smaller doses. 

One advantage of 1080 is its easy 
solubility in water. This makes it pos- 
sible to dilute it down to manageable 
doses, and probably also to add dis- 
guising scents or tastes in case rats 
become too wary. However, the latter 
precaution should not be necessary: 
if a rat-infested area is properly baited 
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with 1080 there will be no survivors 
to teach a younger generation caution. 
The high solubility of 1080 also makes 
it possible to offer it to rats in simple 
water baits; a third of an ounce in a 
gallon of water has proven quite effec- 
tive in field tests. 


If it has any taste to rats, it must be 
because they have a more acute sense 
of taste than human beings. A bit of 
the pure chemical, well below the 
toxic level for human beings, was tried 
out by Dr. Ray Treichler of the Fish 
and Wildlife Service, now on duty 
with -the War Department, and he 
stated that he could not taste anything 
at all. 


The deadliness of 1080, however, 
should not be played down, all work- 
ers with the stuff agree. One rat died 
in exactly 20 minutes after drinking 
water containing it, and at the end of 
two hours about a score of dead rats 
were picked up in the vicinity. It is no 
respecter of animals, and will kill pet 
dogs and cats, and possibly game and 
livestock, if they inadvertently get 
hold of it. For this reason, it is un- 
likely to be put on the market for 
general household use, but is more 
likely to be put in the hands of pro- 
fessional rodent-killers who wage cam- 
paigns against rats among wharves, 
granaries and warehouses, and against 
too-numerous prairie dogs and ground 
squirrels on western rangelands. 


The high dilution in which 1080 


can be used is one thing that will 
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make it less dangerous, Dr. Treichler 
pointed out. It would be necessary for 
a man to eat six ounces of an ordinary 
bait containing it to get a lethal dose. 
If a little is swallowed it is soon ex- 
creted; its effects are not cumulative 


Exhaustion of Mesabi Ores 
Declared Unlikely 


like those of many other poisons. 
Moreover, it is not absorbed through 
the skin like one of the rodenticides 
now in general professional use; this 


is a very great practical advantage in 
field handling. 


Iron Ore For 100 Years 


> Tue creat Mesabi range in Minne- 
sota, barring some now unforeseen 
development, will be producing iron 
ore from open-cut operations on a 
large scale for at least 100 years, pre- 
dicts Dr. A. B. Parsons in Mining and 
Metallurgy, published by the Ameri- 
can Institute of Mining and Metallur- 
gical Engineers. He refers to a report 
that the known reserves of the Lake 
Superior district will be exhausted in 
1950 if mined at war production rates 
as misleading. 

This report was made in 1942 by 
E. W. Davis, of the Minnesota Mines 
Experiment Station, to the War Pro- 
duction Board. These Minnesota 
mines produced about 85% of the ore 
that provided the United States with 
steel for fighting the war. The record 
shipment from the area was 91,542,- 
000 long tons in 1942; the 1944 ship- 
ment was less than 80,000,000 tons, 
sufficient to meet the needs. 

The report by Mr. Davis was based 
on an annual shipment of 100,000,000 
long tons, and dealt only with proved 
reserves of ore of “merchantable,” or 
direct-shipping grades containing 
51.5% iron. Dr. Parson’s study is 
based largely on figures in the Davis 
and other reports. 

Now that the war is over, Dr. Par- 
sons estimates that average annual 
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shipments will shrink to about 50, 
000,000 tons a year, because New 
York state, Alabama and the Far West 
may in the future contribute more to 
the total than before the war. The 
“proved reserves” in Minnesota are 
much lower than the actual reserves, 
he feels, because “as soon as it is 
proved by drilling, first-class ore in 
Minnesota becomes subject to an ad 
valorem tax that amounts to about 2} 
cents per ton per annum.” 


This tax, he states, is one good rea- 
son for not developing ore too far in 
advance of the time it is expected to 
mine it. 


As a further source of vast iron ore 
supplies, Dr. Parsons indicates the pos- 
sibilities of beneficiating, or treating, 
ores containing from 35% to 40% 
iron and from 20% to 40% silica. 
Since 1930, he says, “about 20% of the 
ore sent down the Lakes was a pro- 
duct brought up to shipping grade by 
beneficiating this intermediate mater- 
ial—intermediate between the well- 
leached direct-shipping ore and _ the 
unleached iron-bearing taconite.” 


These taconites, he declares, par- 
ticularly those in which the iron oxide 
is mostly in the form of magnetite, 
might supply 10,000,000,000 long tons 
of high-grade concentrates. 
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Fifty Years Ago Roentgen 
Made a New World Visible 


Discovery of X-Rays 


A Classic of Chemistry 


The electric discharge through a 
vacuum tube was not new in 1895. 
Nearly every important physics lab- 
oratory in the world had one of the 
tubes. Others beside Roentgen who 
used such a tube in the dark must 
have noticed the fluorescence which it 
induced in certain substances. Many 
physicists were complaining of the 
unaccountable exposed appearance of 
photographic plates kept in the labora- 
tories where these tubes were set up. 
Roentgen took time to turn aside from 


his work with the vacuum tube to in- 
vestigate the strange invisible light 
which seemed to emanate from it, and 
so gave the world the great boon of 
X-rays. Their discoverer did not at 
first recognize their relationship to 
light waves, and thought they might 
perhaps be a different sort of wave 
motion in the ether. He failed to 
produce with them the character- 
istic phenomena of light waves be- 
cause he used lenses and prisms of 
too gross @ structure to affect the 
minute vibrations of the X-rays. 


Roentgen’s First Paper 


On A New Kinp OF Rays, by W. 
C. Roentgen. First Communication, 
December 1895. In RorentcEeNn Rays, 
Memoirs by Roentgen, Stokes and ]. 
|. Thomson. Translated and edited 
by George F. Baker. New York, 1899. 
> Ir rue discharge of a fairly large in- 
duction coil be made to pass through 
a Hittorf vacuum-tube, or through a 
Lenard tube, a Crooks tube, or other 
similar apparatus, which has been 
sufficiently exhausted, the tube be- 
ing covered with thin, black card- 
board which fits it with tolerable 
closeness, and if the whole apparatus 
be placed in a completely darkened 
toom, there is observed at each dis- 
charge a bright illumination of a 
paper screen covered with barium 
platino-cyanide, placed in the vicinity 
of the induction-coil, the fluorescence 


thus produced being entirely inde- 
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pendent of the fact whether the coated 
or the plain surface is turned toward 
the discharge-tube. This fluorescence 
is visible when the paper screen is at 
a distance of two meters from the 
apparatus. 


It is easy to prove that the cause of 
the fluorescence proceeds from the dis- 
charge-apparatus, and not from any 
other point in the conducting circuit. 


2. The most striking feature of this 
phenomenon is the fact that an active 
agent here passes through a black 
card-board envelope, which is opaque 
to the visible and the ultra-violet rays 
of the sun or of the electric arc; an 
agent, too, which has the power of 
producing active fluorescence. Hence 
we may first investigate the question 
whether other bodies also possess this 
property. 
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We soon discover that all bodies are 
transparent to this agent, though in 
very different degrees. I proceed to 
give a few examples: Paper is very 
transparent’; behind a bound book of 
about one thousand pages I saw the 
fluorescent screen light up brightly, 
the printers’ ink offering scarcely a 
noticeable hinderance. In the same 
way the fluorescence appeared behind 
a double pack of cards; a single card 
held between the apparatus and the 
screen being almost unnoticeable to 
the eye. A single sheet of tin-foil is 
also scarcely perceptible; it is only 
after several layers have been placed 
over one another that their shadow is 
distinctly seen on the screen. Thick 
blocks of wood are also transparent, 
pine boards two or three centimeters 
thick absorbing only slightly. A plate 
of aluminum about fifteen milli- 
meters thick, though it enfcebled the 
action seriously, did not cause the 
fluorescence to disappear entirely. 
Sheets of hard rubber several centi- 
meters thick still permit the rays to 
pass through them.? Glass plates of 
equal thickness behave quite different- 
ly, according as they contain lead 
(flint-glass) or not; the former are 
much less transparent than the latter. 
If the hand be held between the dis- 
charge-tube and the screen, the dark- 
er shadow of the bones is seen within 
the slightly dark shadow-image of the 
hand itself. Water, carbon disulphide, 
and various other liquids, when they 


1 By “transparency” of a body I denote 
the relative brightness of a fluorescent 
screen placed close behind the body, re- 
ferred to the brightness which the screen 
shows under the same circumstances, 
though without the interposition of the 
body. 

*For brevity’s sake I shall use the ex- 
pression “rays”; and to distinguish them 
from others of this name I shall call them 
“X-rays.” 
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are examined in mica vessels, seem 
also to be transparent. That hydro- 
gen is to any considerable degree more 
transparent than air I have not been 
able to discover. Behind plates of cop- 
per, silver, lead, gold and platinum 
the fluorescence may still be recog- 
nized, though only if the thickness of 
the plates is not too great. Platinum 
of a thickness of 0.2 millimeter is still 
transparent; the silver and copper 
plates may be even thicker. Lead of a 
thickness of 1.5 millimeters is prac- 
tically opaque; and on account of this 
property this metal is frequently most 
useful. A rod of wood with a square 
cross-section (20 x 20 millimeters) 
one of whose sides is painted white 
with lead paint, behaves differently ac- 
cording as to how it is held between 
the apparatus and the screen. It is 
almost entirely without action when 
the X-rays pass through it parallel to 
the painted side; whereas the stick 
throws a dark shadow when the rays 
are made to traverse it perpendicular 
to the painted side. In a series simi- 
lar to that of the metals themselves 
their salts can be arranged with ref- 
erence to their transparency, either in 
the solid form or in solution. 


3. The experimental results which 
have now been given, as well as oth- 
ers, lead to the conclusion that the 
transparency of different substances, 
assumed to be of equal thickness, is 
essentially conditioned upon their <en- 
sity: no other property makes itself 
felt like this, certainly to so high a 
degree. 

The following experiments show, 
however, that the density is not the 
only cause acting. I have examined, 
with reference to their transparency, 
plates of glass, aluminum, calcite, ind 
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quartz, of nearly the same thickness; 
and while these substances are al- 
most equal in density, yet it was quite 
evident that the calcite was sensibly 
less transparent than the other sub- 
stances, which appeared almost ex- 
atly alike. No particularly strong 
fuorescence of calcite, especially by 
comparison with glass, has been no- 
ticed 

4. All substances with increase in 
thickness become less transparent. In 
order to find a possible relation be- 
tween transparency and thickness, I 
have made photographs in which 
portions of the photographic plate 
were covered with layers of tin-foil, 
varying in the number of sheets super- 
posed. Photometric measurements of 
these will be made when I am in pos- 
session of a suitable photometer. 


5. Sheets of plantium, lead, zinc, 
and aluminum were rolled of such 
thickness that all appeared nearly 
equally transparent.” The following 
table contains the absolute thickness 
of these sheets measured in milli- 
meters, the relative thickness referred 
to that of the platinum sheet, and 
their densities: 


RELATIVE 
THICKNESS THICKNESS 


Pt 0.018 mm. 1 215 
Pb «260.05 “ 3 11.3 
Zn 0.10 “ 6 7.1 
um 35 2 200 2.6 


We may conclude from these values 
that different metals possess trans- 
parencies which are by no means 
equal, even when the product of 
thickness and density are the same. 
The transparency increases much 
more rapidly than this product de- 
creases. 


DENSITY 
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6. The fluorescence of barium plat- 
ino-cyanide is not the only recogniz- 
able effect of the X-rays. It should 
be mentioned that other bodies also 
fluoresce; such, for instance, as the 
phosphorescent calcium compounds, 
then uranium glass, ordinary glass, 
calcite, rock-salt, and so on. 

Of special significance in many re- 
spects is the fact that photographic 
dry plates are sensitive to the X-rays 
We are, therefore, in a condition tc 
determine more definitely many phe 
nomena, and so the more easily tc 
avoid deception; wherever it has beer 
possible, therefore, I have controlled 
by means of photography, every im 
portant observation which I have 
made with the eye by means of the 
fluorescent screen. 

In these experiments the property 
of the rays to pass almost unhindered 
through thin sheets of wood, paper, 
and tin-foil is most important. The 
photographic impressions can be ob- 
tained in a non-darkened room with 
the photographic plates either in the 
holders or wrapped up in paper. On 
the other hand, from this property 
it results as a consequence that unde- 
veloped plates cannot be left for a 
long time in the neighborhood of the 
discharge-tube, if they are protected 
merely by the usual covering of paste- 


board and paper. 


It appears questionable, however, 
whether the chemical action on the 
silver salts of the photographic plates 
is directly caused by the X-rays. It 
is possible that this action proceeds 
from the fluorescent light which, as 
noted above, is produced in the glass 
plate itself or perhaps in the layer of 
gelatine. “Films” can be used just as 
well as glass plates. 
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I have not yet been able to prove 
experimentally that the X-rays are 
able also to produce a heating action; 
yet we may well assume that this 
effect is present, since the capability 
of the X-rays to be transformed is 
proved by means of the observed flu- 
orescence phenomena. It is certain, 
therefore, that all the X-rays which 
fall upon a substance do not leave it 
again as such. 

The retina of the eye is not sensi- 
tive to these rays. Even if the eye 
is brought close to the discharge tube, 
it observes nothing, although, as ex- 
periment has proved, the media con- 
tained in the eye must be sufficiently 
transparent to transmit the rays. 

7. After I had recognized the trans- 
parency of various substances of rela- 
tively considerable thickness, I hast- 
ened to see how the X-rays behaved 
on passing through a prism, and to 
find whether they were thereby devi- 
ated or not. 

Experiments with water and with 
carbon disulphide enclosed in mica 
prisms of about 30° refracting angle 
showed no deviation, either with the 
fluorescent screen or on the photo- 
graphic plate. For purposes of com- 
parison the deviation of rays of ordi- 
nary light under the same conditions 
was observed; and it was noted that 
in this case the deviated images fell 
on the plate about 10 or 20 milli- 
meters distant from the direct image. 
By means of prisms made of hard 
rubber and of aluminum, also of 
about 30° refracting angle, I have 
obtained images on the photographic 
plate in which some small deviation 
may perhaps be recognized. However, 
the fact is quite uncertain; the devi- 
ation, if it does exist, being so small 
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that in any case the refractive index of 
the X-rays in the substances named 
cannot be more than 1.05 at the most. 
With a fluorescent screen I was un- 
able to observe any deviation. 

Up to the present time experiments 
with prisms of denser metals have 
given no definite results, owing to 
their feeble transparency and_ the 
consequently diminished intensity of 
the transmitted rays. 

With a fluorescent screen I was also 
unable to observe any deviation. 


Up to the present time experiments 
with prisms of denser metals have 
given no definite results, owing to 
their feeble transparency and _ the 
consequently diminished intensity of 
the transmitted rays. 

With reference to the general con- 
ditions here involved on the one hand, 
and on the other to the importance 
of the question whether the X-rays 
can be refracted or not on passing 
from one medium into another, it is 
most fortunate that this subject may 
be investigated in still another way 
than with the aid of prisms. Finely 
divided bodies in sufficiently thick 
layers scatter the incident light and 
allow only a little of it to pass, owing 
to reflection and refraction; so that if 
powders are as transparent to X-rays 
as the same substances are in mass— 
equal amounts of material being pre- 
supposed—it follows at once that 
neither refraction nor regular reflec 
tion takes place to any sensible de- 
gree. Experiments were tried with 
finely powdered rock-salt, with fine 
electrolytic silver-powder, and_ with 
zinc-dust, such as is used in chemical 
investigations. In all these case: no 
difference was detected between the 
transparency of the powder and hat 


CHEMISTRY 


of the 
obser \ 
or W! 


Fro 
obvio' 
conc 
lens « 
havin 
shad 
dark« 
while 
filled 
parer 
er at 

8. 
tion 
settle 
in tk 
of tl 
lar 1 
frorr 





dex of 
1amed 

most, 
as un- 


ments 

have 
ng to 
1 the 


ity of 
as also 


ments 

have 
ng to 
1 the 


ity of 


1 con- 
hand, 
rtance 
X-rays 


assing 
, It is 
t may 
r way 
Finely 
thick 
t and 
owing 
hat if 
X-rays 
nass— 
£ pre- 

that 
reflec- 
le de- 

vith 
1 fine 
vith 
»mical 
es no 
n the 
d chat 


{ISTRY 


of the substance in mass, either by 
observation with the fluorescent screen 


or with the photographic plate. 


From what has now been said, it is 
obvious that the X-rays cannot be 
concentrated by lenses; neither a large 
lens of hard rubber nor a glass lens 
having any influence upon them. The 
shadow-picture of a* round rod is 
darker in the middle than at the edge; 
while the image of a tube which is 
filled with a substance more trans- 
parent than its own material is light- 
er at the middle than at the edge. 

8. The question as to the reflec- 
tion of the X-rays may be regarded as 
settled, by the experiments mentioned 
in the preceding paragraph, in favor 
of the view that no noticeable regu- 
lar reflection of the rays takes place 
from any of the substances examined. 
Other experiments, which I here omit, 
lead to the same conclusion. 

One observation in this connection 
should, however, be mentioned, as at 
first sight it seems to prove the op- 
posite. I exposed to the X-rays a 
photographic plate which was pro- 
tected from the light by black paper, 
and the glass side of which was turn- 
ed towards the discharge-tube giving 
the X-rays. The sensitive film was 
covered, for the most part, with pol- 
ished plates of platinum, lead, zinc, 
and aluminum arranged in the form 
of a star. On the developed negative 
it was seen plainly that the darkening 
under the platinum, the lead, and par- 
ticularly the zinc, was stronger than 
under the other plates, the aluminum 
having exerted no action at all. It ap- 
pears, therefore, that these three 
metals reflect the rays. Since, how- 
ever, other explanations of the strong- 
er darkening are conceivable, in the 
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second experiment, in order to be 
sure, I placed between the sensitive 
film and the metal plates a piece of 
thin aluminum-foil, which is opaque 
to ultra-violet rays, but is very trans- 
parent to the X-rays. Since the same 
result substantially was again ob- 
tained, the reflection of X-rays from 
the metals above named is proved. 

If we compare this fact with the 
observation already mentioned that 
powders are as transparent as co- 
herent masses, and with the further 
fact that bodies with rough surfaces 
behave like polished bodies with ref- 
erence to the passage of the X-rays, 
as shown also in the last experiment, 
we are led to the conclusion already 
stated that regular reflection does not 
take place, but that bodies behave 
towards the X-rays as turbid media do 
towards light. 


Since, moreover, I could detect no 
evidence of refraction of these rays in 
passing from one medium into an- 
other, it would seem that X-rays move 
with the same velocity in all sub- 
stances; and, further, that this speed 
is the same in the medium which is 
present everywhere in space and in 
which the particles of matter are im- 
bedded. These particles hinder the 
propagation of the X-rays, the effect 
being greater, in general, the more 
dense the substance concerned. 

9. Accordingly it might be possible 
that the arrangement of particles in 
the substance exercised an influence 
on its transparency; that, for in- 
stance, a piece of calcite might be 
transparent in different degrees for 
the same thickness, according as it is 
traversed in the direction of the axis, 
or at right angles to it. Experiments, 
however, on calcite and quartz gave 
a negative result 
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Unlike Cathode Rays 


10. It is well known that Lenard 
came to the conclusion, from the re- 
sults of his beautiful experiments on 
the transmission of the cathode rays 
of Hittorf through a thin sheet of 
aluminum, that these rays are phe- 
nomena of the ether, and that they 
diffuse themselves through all bodies. 
We can say the same of our rays. 

In his most recent research, Lenard 
has determined the absorptive power 
of different substances for the cathode 
rays, and, among others, has measur- 
ed it for air from atmospheric pres- 
sure to 4.10, 3.40, 3.10, referred to 1 
centimeter, according to the rarefac- 
tion of the gas contained in the dis- 
charge-apparatus. Judging from the 
discharge-pressure as estimated from 
the sparking distance, I have had to 
do in my experiments for the most 
part with rarefactions of the same 
order of magnitude, and only rarely 
with less or greater ones. I have 
succeeded in comparing by means of 
the L. Weber photometer—I do not 
possess a better one—the intensities, 
taken in atmospheric air, of the 
fluorescence of my screen at two dis- 
tances from the discharge-apparatus-— 
about 100 and 200 millimeters; and I 
have found from three experiments, 
which agree very well with each 
other, that the intensities vary in- 
versely as the squares of the distances 
of the screen from the discharge-ap- 
paratus. Accordingly, air absorbs a 
far smaller fraction of the X-rays 
than of the cathode rays. This result 
is in entire agreement with the ob- 
servation mentioned above, that it is 
still possible to detect the fluorescent 
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light at a distance of 2 meters from 
the discharge apparatus. 


Other substances behave in general 
like air; they are more transparent to 
X-rays than to cathode rays. 

11. A further difference, and a most 
important one, between the behavior 
of cathode rays and of X-rays lies in 
the fact that I have not succeeded, in 
spite of many attempts, in obtaining 
a deflection of the X-rays by a mag. 
net, even in very intense fields. 

The possibility of deflection by a 
magnet has, up to the present time, 
served as a characteristic property of 
the cathode rays; although it was ob- 
served by Hertz and Lenard that there 
are different sorts of cathode rays, 
“which are distinguished from each 
other by their production of phos- 
phorescence, by the amount of their 
absorption, and by the extent of their 
deflection by a magnet.” A consider. 
able deflection, however, was noted 
in all of the cases investigated by 
them; so that I do not think that this 
characteristic will be given up except 
for stringent reasons. 


12. According to experiments es 
pecially designed to test the question, 
it is certain that the spot on the wall 
of the discharge-tube which fluoresces 
the strongest is to be considered as 
the main center from which the X- 


rays radiate in all directions. The 
X-rays proceed from that spot where, 
according to the data obtained by 
different investigators, the cathode 
rays strike the glass wall. If the <ath- 
ode rays within the discharge-appa- 
ratus are deflected by means of a mag: 
net, it is observed that the X-rays pro- 
ceed from another spot — nancly, 
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For this reason, therefore, the X- 
rays, which it is impossible to de- 
fect, cannot be cathode rays simply 
transmitted or reflected without 
change by the glass wall. The greater 
density of the gas outside of the dis- 
charge-tube certainly cannot account 
for the great difference in the deflec- 
tion, according to Lenard. 


I therefore reach the conclusion 
that the X-rays are not identical with 
the cathode rays, but they are pro- 
duced by the cathode rays at the glass 
wall of the discharge-apparatus. 

13. This production does not take 
place in the glass alone, but, as I have 
been able to observe in an apparatus 
closed by a plate of aluminum 2 milli- 
meters thick, in this metal also. Other 
substances are to be examined later. 


14. The justification for calling by 
the name “rays” the agent which pro- 
ceeds from the wall of the discharge- 
apparatus I derive in part from the en- 
urely regular formation of shadows, 
which are seen when more or less 
transparent bodies are brought be- 
tween the apparatus and the fluores- 
cent screen (or the photographic 
plate). 


I have observed, and in part photo- 
graphed, many shadow-pictures of 
this kind, the production of which has 
a particular charm. I possess, for in- 
stance, photographs of the shadow of 


the profile of a door which separates 
the rooms in which, on one side, the 


hand 


was 


> Tuis X-ray PHOTOGRAPH of the 
of von Kolliker, the anatomist, 
taken on the stage at Roentgen’s first 
public demonstration of his new rays. 
The picture was developed during the 
meeting, and brought in for the au- 
dience to see. 


discharge-apparatus was placed, on 
the other the photographic plate; the 
shadow of the bones of the hand; the 
shadow of a covered wire wrapped on 
a wooden spool; of a set of weights 
enclosed in a box; of a galvanomceter 
in which the magnetic needle is en- 
tirely enclosed by metal; of a piece 
of metal whose lack of homogeneity 
becomes noticeable by means of the 
X-rays, etc. 


Nearly 238,000,000 pounds of liquid eggs were produced in 
egg-breaking and drying plants in the United States during May; 
about one-half this amount was dried, 45% frozen, and the rest 
shipped for immediate consumption. 
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Bounces Like Rubber 
But Won’t Stretch 


Make Your Own Bouncing Putty 


> Tue saAME sTuFF that is used to 
stick corrugated paper together and 
to preserve eggs, as a trick can be 
made to bounce like rubber. No 
commercial use has been found, how- 
ever, for this characteristic. 

When a good deal of the water 
has evaporated from the well-known 
adhesive, sodium silicate, it can be 
rolled up in a ball and bounced. But 
instead of stretching wher pulled, 
the material crumbles. These crumbs, 
not unlike those left after using an 
art-gum eraser, can be molded to- 
gether again. If left piled on top of 
each other, they will soon run to- 
gether to form a smooth, jelly-like 
mass. 

This is just one of the few amaz- 
ing forms of sodium silicate, chem- 
ically related to common sand and 
commonly sold for egg preservative 
under the name of water glass. Com- 
posed of alkili and silica, two dry 
silicates may be selected which, when 
mixed together, produce a liquid 


> Arter water-glass has 
evaporated to a jelly-like 
lump, which wili bounce 
when dropped, it can be 
mixed with a dry powder 
to make a liquid. Put a 
spoonful of dry sodium 
silicate and a lump of the 
jellied kind into a glass.... 


which can actually be poured out of 
the container. Two liquid silicates, 
on the other hand, can be combined 
into a solution which pours more 
slowly than either of the original in- 
gredients. 

Not only do some forms of silicate 
bounce like rubber, yet fail to stretch, 
but others stretch like taffy and simply 
refuse to bounce. Varying the relative 
amount of alkali and silica in the 
solution, as well as the proportion of 
water present, makes it possible to 
perform many apparently magical 
tricks with silicates, reports the Phila- 
delphia Quartz Company, interested 
in developing new uses for this amaz- 
ing material. 

The bouncy silicate may be made 
from one of the highly silicious sili- 
cates. When water has evaporated s0 
that it composes only about 65 per 
cent of the solution, little spheres o! 
the material will bounce when drop 
ped. It looks like cloudy glass and 
breaks just the way glass does, with 
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of about one-fourth alkali, one fourth 

silica and one-half water. It takes vig- 

' orous mechanical beating to produce 

VY — the liquid, but with patience a soupy 
solution develops. On continued stir- 

out of ‘ ™ ring this thins out to a watery fluid. 
licates, eG 
rbined 
more 
ral in- 


A solid can be made by adding 
liquid caustic soda (though not a sili- 
cate, it is an allied product) to a liquid 
silicate containing slightly more silica 
a than the taffy-like solution referred to 
silicate . ey above. When the caustic soda is at a 
tretch, ™ temperature of 50 degrees Fahrenheit 
simply . stir briskly... or less, the mixture freezes solid at 


clative ; room temperature. 
nthe M ashell-like fracture. If left unprotected 


ion of @ in the air, the semi-solid silicate dries 

ble to out rapidly and becomes brittle. 

agical ff Like Taffy 

Phila- When the soda-silica ratio is one 

rested to one-and-a-half, if water forms only 

amaz-{ about one-third of the solution it can 
be pulled into long threads. Sticky to 

made # the touch, this semi-solid silicate will 

is sili # not bounce. If chilled a little, it be- 

ted so comes quite hard. 

5 per With silicates it is possible to mix 

res of # two solids and get a liquid. When 

drop @ the bouncy silicate is mixed with an 

s and equal amount of small crystals of 

, with silicate of soda, the material will pour ...and pour out a liquid that 
slowly if the crystals were composed gets thinner as it is stirred. 


On the Back Cover 


> A uittLe sleight of hand 
work with the bouncing 
putty. Watch it bounce. 
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Study Influence of Life on Elements 


> A THREE-YEAR preliminary survey of 
biogeochemistry has been initiated un- 
der the auspices of the American Mu- 
seum of Natural History, New York. 
In charge of the work will be Prof. 
G. Evelyn Hutchinson of Yale Uni- 
versity; associated with him are Prof. 
Paul F. Kerr of Columbia University, 
Prof. W. A. Albrecht of the Univer- 
sity of Missouri, Dr. Martin D. Ka- 
men of the University of California, 
and Prof. Edward J. Conway of Uni- 
versity College, Dublin. 


Biogeochemistry is the investigation 
of the effects of earth chemicals of 
various regions on the life of plants, 
animals and human beings that in- 
habit them. Everyone has heard of 


such isolated instances as prevalence of 
goiter in areas lacking in iodine, of 
mottled teeth where there is too much 
fluorine in the water, of sick and 
crippled farm animals in_ regions 
where the soil contains an excess of 
selenium. Oceanographers make 
chemical analyses of water from all 
the earth’s oceans and seas as a matter 
of routine; but with the exception of 
pioneer work done some time ago in 
Russia by the late W. I. Vernadsky 
nothing comparable has been done for 
the chemistry of the land areas. 

The present survey will undertake 
to assemble and evaluate all obtain- 
able existing data, as well as to initiate 
new researches in fields where te- 
sults appear promising. 


Sun Gases Absorbed by Prominence 


> Gasks From one of the sun’s flame- 
like clouds, thousands of miles above 
a group of sunspots, instead of being 
sucked into the sunspots, were ab- 
sorbed by a neighboring prominence 
of fiery gases, Dr. Edison Pettit of 
Mount Wilson Observatory reported 


to the Astronomical Society of the 
Pacific. 


Occasionally one member of a group 
of prominences, in which gases moved 
from one to another within the group, 
has been a rapidly-changing active 
prominence, but this was the first time 
on record, Dr. Pettit stated, when a 
cloud prominence formed out of gases 
in the corona high above a group of 
sunspots was known to be absorbed 
by a neighboring prominence. The 


58 


large group of prominences was lo- 
cated between a sunspot group and a 
disturbed region where spots later de- 
veloped. 

The rosy cloud of luminescent hy- 
drogen, helium and calcium probably 
lasted at least two days. After form- 
ing, the fiery cloud as a whole te- 
mained in the same position through- 
out the first day, only one part being 
known to move. During the second 
day, however, as part of the cloud 
floated toward the other prominence, 
its velocity more than tripled, increas- 
ing from about 11 miles a second to 
some 38 miles a second. 

It is through studies such as this 
that astronomers hope eventually to 
discover the secret of the forces acting 
in and above the sun’s surface. 
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> Finpinc starch with the iodine test. 


Second of a Series on 
The Chemistry of Foods 


Starches Are 


by Heren M. Davis 


> Tue carsonypratts fall into three 
great classes, of which the sugars are 
the simplest and the best known, 
chemically. Starch is the middle-sized 
molecule, while the great, huge mole- 
cule is cellulose. The stable structures 
which the plant world builds up out 
of cellulose molecules we utilize for 
shelter and clothing. Starch we use 
primarily for food. It occurs in dif- 
ferent parts of many kinds of plants, 
but especially in the seeds of cereal 
grains. 
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Staple Foods 


One of the greatest discoveries 
made by the human race is the fact 
that grain seeds can be harvested in 
the fall, part of the harvest kept to 
sustain the life of the tribe over 
winter, and the rest planted in the 
spring to continue the life cycle an- 
other year. So tremendous was the im- 
pact of this new understanding of na- 
ture’s processes on men’s minds that 
they wove it into a religion. 


The death of the beautiful, vigorous 
plant paralleled their too-frequent ex- 
perience of a promising youth or 
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maiden struck down by sudden acci- 
dent or disease. The burial of the 
grain in the earth and its miraculous 
resurrection in the spring seemed to 
the primitive farmers a mystical prom- 
ise that their loved ones, too, would 
wake to new life beyond the grave. 
This personification of the vegeta- 
tion cycle can be traced in many re- 
ligions and folk-stories all over the 
world. Civilizations developed around 
the culture of grain—corn in Ameri- 
ca, rice in Asia, rye and wheat in 
Europe. An ear of wheat is the sym- 
bol of the divinity in many myths, 
and part of their ritual often includes 


the eating of bread, sometimes speci- 
fied as unleavened. But the art of 
fermentation developed early, too, and 
often the ceremonial meal consists of 
bread and wine. 

Psychologists tell us that food plays 
a much more important role in shap- 
ing our personalities than we realize. 
It is hard to overestimate the part 
the chemistry of carbohydrates has 
played in civilization. 

From ancient Babylon comes a rec- 
ord, written down about 4000 years 
ago from still more ancient epic ma- 


terial, of how prepared food tamed a 
wild hero.* 


Engidu Learns to Eat Bread 


She took him by the hand 


And led him like a bridegroom 

To a festal meal at a pinfold, 

And the shepherds foregathered around him. 
But Engidu, born in the steppes, 

Was wont to eat only plants with the gazelles, 
Only to drink water with the wild, 

Only to be glad with the throng of the flood, 
Only to suck the milk of the wild creatures. 
Then they set bread before him. 

He was bewildered, and looked on it, and marvelled. 
Engidu understood not how to eat bread, 
To drink wine he had not !earned. 


Then the priestess opens her mouth and says to Engidu: 
“Eat bread, Engidu, the glory of life, 

Drink wine, Engidu, the custom of the land.” 

Then Engidu ate bread till he was full, 

Then he drank wine, seven beakers. 

His spirit loosed itself, he grew merry, 

His heart rejoiced and his face glowed . . . 

He anointed himself with oil, and became like a noble, 
He put on a robe and was then as a bridegroom. 

He took his weapon, he attacked lions, 

So that the great shepherds found rest at night, 

For Engidu was their safeguard. 


* Gilgamesh, Epic of Old Babylonia, arendering in Free Rhythms by Willian 
Ellery Leonard; Viking Press, New York, 1924. 
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Fermentation was one of the earliest 
chemical processes mastered by man- 
kind, and thereby hangs a very emo- 
jional chapter of human _ history. 
Ethyl alcohol, which is one of the 
products of fermentation, has a defi- 
site and characteristic effect on the 
human mind and body. There is no 
disagreement about the effect. All the 
argument comes from whether the ef- 
fect is “good” or “bad.” 

No particular knowledge was 
necessary to begin the study of fer- 
mentation, for the yeasts which cause 
it occur on the skin of the grapes or 
fall into the grain mash from the air. 
They are nourished by invert sugars 
in the food material, and attack the 
sructure of starch. Starch itself may 
be transformed into sugar by enzyme 
ation, as is easily demonstrated by 
holding a bit of salty cracker in the 
mouth for a few seconds. A similar 


reaction occurs with the sprouting of 
grain, the so-called malting process, 
irom which the sugar maltose gets 


iis name. Fermentation of malted 
grain to make beer is an ancient in- 
dustry widely carried on in localities 
where the grape was not cultivated. 
Besides alcohol, the characteristic 
product of fermentation is carbon di- 
oxide, which causes bread to rise and 
puts the “collar” on beer and the 
‘fzz” into sparkling wines. Some 
tind of fermented drink is found in 
we by primitive people in nearly 
‘very part of the world. The percent- 
age of alcohol in such drinks is self- 
imited by the fermentation by-prod- 
ucts. Distillation of alcohol out of fer- 
mented liquids is a relatively modern 
development of chemical technique. 
Although varying widely in size 
and appearance, the structure of the 
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different grain seeds is similar. Each 
consists of the germ of the new plant 
at one end of a somewhat cylindrical 
structure, surrounded by a layer of 
starch and more or less gluten, all en- 
closed by outer protective coats of 
bran and husk. Man has adapted grain 
for food by drying, removing the 
outer husks and grinding the kernel. 
To make the product whiter, the 
bran has been more and more 
thoroughly removed. To make it 
keep better, the germ, the growing 
part, has been discarded. 


About a generation ago, the human 
race suddenly woke up to the fact 
that, while milling flour for fineness 
and beauty, we had nearly ruined it 
as food. The part we disdained as 
fit only for cattle food contains the 
compounds we now call vitamins. 
Lack of these food essentials gives us 
various symptoms of discomfort, at 
first thought to be diseases. The most 
enlightened millers are now work- 
ing on methods of putting the vita- 
mins back into flour. They still have 
to balance between optimum food and 
vitamin content and the keeping 
quality of the product. A host of 
small forms of life, from the sub- 
microscopic through weevils to mice 
and rats are constantly ready to take 
their share. 

While so much has been learned 
about starch during the centuries, the 
chemistry of its molecule is still being 
explored. We know that dilute acids 
will hydrolyze it almost completely to 
glucose. From this and other evidence, 
we believe it has a ring structure 
formed of five carbon atoms and one 
oxygen atom, with glucoside link- 
ages from one ring to another, similar 
to the complex sugars, and with long 
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side chains which may or may not 
lead to more complicated ring net- 
works. There is much evidence that 
phosphoric acids play an important 
part in the reactions brought about by 
fermentation. Starch may be nitrated 
to form an explosive compound. Suc- 


cessive methyl groups may be intro- 
duced into the molecule to give other 
clues to how the structure is put to- 
gether. Nature still laughs at our ef- 
forts to solve the biggest chemical 
puzzle of all—how sunlight can build 
carbon dioxide, water and oxygen in- 
to sugars, starches and cellulose. 


Fermentation is Interesting to Watch 
> Honey ferments but starch doesn’t. 
It is fun to watch the bubbles rise 
from the cloudy liquid where yeast 
cells are “working” on the invert 


sugar. In the other vial (on the 
reader’s right) the starch and the 
yeast are still at the bottom, the water 
is clear and no gas has been col- 
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lected. When the glass where fer- 
mentation is going on is nearly [ull of 
carbon dioxide, lift it from: the water, 
put a stiff card over the mouth of the 
glass and turn it right-side up, be 
cause CO. is heavier than air. You 
can now try the experiments sugyested 
in “Chemical Magic” on page 3° 
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Tests You Can Do In the Kitchen 


Simple Enough for Children to Try 


Home Experiments With Starch 


> How MANY STARCHES can you find 
athome? It is very easy to test for 
sarch, for your reagent is tincture of 
iodine, which is found in almost 
wery medicine cabinet. You will find 
your ordinary stock of it too strong, 
specially if it has stood for awhile, 
lor the liquid evaporates. Pour some 
wut into another bottle and add about 
the same volume of water to it. Use 
ihe weaker solution for your test, so 
the color of the starch-iodine com- 
pound will be blue and not black. 
The blue color disappears on boiling 
and comes back on cooling again. 
Some plants keep their starch so 
dosely locked up that boiling in water 
is necessary before the reaction can 
be carried out. 

The commercial method of separat- 
ing the different parts of grain, for 
ample, corn, is by soaking in luke- 
warm water, then grinding, then re- 
moving the germ, from which oil is 
pressed, floating off the outer coats 
in water and allowing first the starch, 
then the gluten to settle out of sus- 
pension in water. It is possible to imi- 
late these processes with whole grain 
bought from a feed store. Hand sepa- 
ation is easier on a small scale than 
lo try to make the flotation process 
automatic. It is interesting to ex- 
amine the softened seeds with a lens 
of microscope, even a toy one. 

To study the difference between 
‘arch and gluten, use about half a 

flour (preferably not self- 
Mix in a little water at a 


time, keeping the mass doughy. When 
you can work it well with the fingers, 
take the dough into the palm of your 
hand and work it while you trickle 
a thin stream of cold water over it. 
If you catch the water that runs off, 
you can let the starch settle out and 
examine it. The gluten remains in 
your hand as a rubbery mass. It is 
this sticky material which catches the 
carbon dioxide set free by yeast or 
by baking powder, and forms the 
sponge-like texture of bread. Knead- 
ing the bread dough develops gluten’s 
sticky texture. Biscuits and pie crust 
are tossed lightly together, for they 
should have the opposite texture from 
bread. Thickening with flour de- 
pends, not on gluten, but on the 
property starch has of swelling when 
boiled in water. 

Fermentation tests on different car- 
bohydrates are interesting to watch. 
The yeast cake you buy at the grocer’s 
will make all the tests you can ar- 
range space for, and still make you 
a pan of hot rolls for dinner. In or- 
der to catch the carbon dioxide given 
off, make the experiments under 
water. A tumbler filled with water 
and inverted with its edge under 
water in a shallow dish makes a gas- 
tight compartment in which to carry 
out the fermentation test. Put the ma- 
terial to be fermented and a crumb of 
yeast into a small vial, fill the vial 
with water to drive out the air, put 
your finger over the mouth of the 
vial to keep the material inside from 
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Flour 


> FLouR FOR BAKERIES is now trans- 
ported from mills in bulk, in giant 
sealed tanks mounted on flat railroad 
cars, three to a car. The tanks are filled 
and emptied through pipelines by air 
pressure without other handling. 
Greater economy in handling and 
transportation is one result of the new 
method, but more important is greater 
sanitation. Moisture, dust and vermin 
cannot get into the flour during load- 
ing, on the road in the sealed tanks, 
or in unloading. The method will 
probably come into wide use in post- 
war days for baking establishments 
that buy flour in 25,000-pound lots. 
The new system is a development 
of the National Fitch Corporation, 
which functions as a research and sales 
division for specialized railroad equip- 
ment. Together with the tank is a one- 
man conveyor mechanism for trans- 
ferring the tank to a truck-trailer for 
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floating out, and slip the vial into the 
tumbler just before you lift it and its 
saucer out of your filling-tank. It is 


_more interesting if you run several 


tests at a time. Label them, and rec- 
ord the time started. In two or three 
hours the bubbles should be rising 
fast enough to be fun to watch. In 
another hour or two you will have 
enough gas in the tumblers where 
fermentation has taken place to per- 
form the standard carbon-dioxide 
tests and convince yourself that this 
heavy invisible gas can be handled 


much like a liquid. 


> Tumster, dish and vial are filled 
with water to keep out the air. The 
gas from fermentation is thus easily 
seen and collected. 


Transported in Sealed Tanks 


transportation to bakeries that do not 
have railroad sidings. The unloading 
equipment is made by the Fuller Com- 
pany of Catasauqua, Pa., which manv- 
factures suction devices for handling 
grain and granulated products. li 
draws the flour directly into the re- 
ceiving bins in the bakery, regardless 
of where they may be located. 
When the tank of flour has to be 
transferred to a truck, a special con- 
veyor platform is mounted on the 
trailer that works in conjunction with 
a similar conveyor under the tank on 
the car. A special 110-volt direct cur- 
rent generator, mounted on the truck 
and powered by the truck’s engine, 
furnishes the electricity to operate the 
conveyor motor. The truck is parked 
parellel to the car, connecting hooks 
put in place, the generator started, 4 
button pushed, the motor turns and 
the tank is transferred in 90 seconds. 
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